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THE INFLUENCE DIET UPON NECROSIS CAUSED 
HEPATIC AND RENAL POISONS. 


PHORUS, ALCOHOL.* 


EUGENE OPIE, M.D., LELAND ALFORD, 


(From the Pathological Laboratory Washington University Medical 
School, St. Louis.) 


Wide variation the susceptibility different individuals 
the same poison has suggested the possibility that apparently 
unrelated factor, such diet, may modify the effect toxic sub- 
stance. Individual susceptibility illustrated the occurrence 
delayed chloroform poisoning. well known that chloro- 
form administered animals causes necrosis the central portion 
each hepatic lobule, and the severity the lesion roughly pro- 
portional the quantity chloroform which has been adminis- 
tered. Nevertheless, experiments which chloroform has been 
administered various animals during the course other inves- 
tigations have shown wide variation the susceptibility different 
individuals the same species. Quantities which when given 
mouth usually have little effect, occasionally produce death with mul- 
tiple hemorrhage jaundice, and autopsy the liver shows wide- 
spread necrosis. The experiments which will described furnish 
comprehensive explanation such individual susceptibility, but 
suggest that diet may have profound influence upon the severity 

has described experiments determine the toxicity ricin 


may modified diet. Three dogs kept upon diet rich protein died after 
the administration mg. ricin per kilo, whereas two three dogs upon 


Received for publication, October 1914. 

1Some these experiments have been described (Opie, L., and Alford, 

B., Proc. Soc. Exper. Biol. and Med., 1909, vi, 76; Jour. Biol. 
Chem., vii, 379. 
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diet poorer protein survived this dose. Foster does not believe that the diet 
caused the greater mortality dogs which received protein abundance, because 
these animals were given relatively larger doses ricin. 

investigation the effect diet upon resistance intoxication has been 
made Hunt? who studied the behavior acetonitril mice and guinea pigs 
fed upon various substances. Certain diets, notably dextrose, oatmeal, liver, and 
kidney, greatly increase the resistance mice acetonitril. Hunt has previously 
found that thyroid fed mice increases their resistance acetonitril and sug- 
gests that increased resistance produced diet may due the effect diet 
upon the thyroid gland. Certain diets, notably eggs, milk, cheese, and various 
fats, greatly lower the resistance mice acetonitril. refers increased sus- 
ceptibility increased disintegration the acetonitril molecule with formation 
hydrocyanic acid. Rats upon diet bread were slightly more susceptible 
morphin than those fed upon oats. 

The purpose the present studies has been determine diet 
can influence the incidence extent readily demonstrable 
lesion. the liver have been produced substances 
which have peculiar affinity for the parenchymatous cells the 
organ. Chloroform administered inhalation, mouth, 
subcutaneous injection causes necrosis the hepatic cells the 
center each lobule the liver and may implicate four fifths 
each hepatic lobule. degeneration may occur the heart 
muscle, the kidney, other organs, and necrosis cells 
the convoluted tubules the kidney observed (rats), but the 
substance exhibits selective action destroying the hepatic cells and 
leaving other tissues comparison little altered. Phosphorus has 
been selected another example substances which exhibit 
affinity for the liver; produces fatty degeneration which more 
advanced the liver than other organs. Human pathology 
suggests that alcohol under certain conditions may have similar 
selective action, but experimental studies not furnish convincing 
evidence that alcohol causes distinctive lesion the liver. 

The experiments which will described have dealt with sub- 
stances which act hepatic poisons. second group ex- 
periments substances which exhibit selective destructive action 
upon the kidney have been used. potassium chromate and 
uranium nitrate cause necrosis the cells the renal tubules but 

produce necrosis the liver other organs. well 


R., Bull. Hyg. Lab., and M.-H. S., No. 
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known that these substances which have been widely used for 
the experimental production nephritis cause albuminuria and the 
formation urinary casts. They have been selected examples 
renal poisons. 


METHOD. 


White rats were used because they are omnivorous and eat readily various 
foods offered them. They may obtained large number and are readily 
kept good health, that considerable number animals may used for 
each test. They may maintained good condition and breed actively upon 
diet consisting almost whoily cereal, such oats; animals upon diet 
oats eat meat eagerly. Rabbits are forced eat protein with much difficulty, 
whereas carnivorous animals resist the administration carbohydrate diet. 
The rat, which the diet exhibits closer resemblance that man, better 
able adapt itself variations diet than either herbivorous carnivorous 
animals. 

many the experiments rats which stock animals had previously re- 
ceived diet consisting large part oats and bread were given during 
short period either (a) carbohydrate large part the form rolled oats 
and cane sugar lumps, the latter being eaten considerable quantities, (b) 
meat the form pig’s heart beefsteak, (c) fat. The fatty diet con- 
sisted beef fat alone fed during period several days before injection 
the substance which the toxicity was tested, beef fat intimately mixed 
with rolled oats, some instances cottonseed oil administered mouth 
animals which were receiving the ordinary diet oats. the end 
period varying from three seven days the toxic substance was administered 
subcutaneous injection. some instances the special diet was continued 
after administration the toxic substance. other instances the special diet 
was discontinued, and since the period special diet was short there was little 
opportunity for the harmful effect those deficiencies diet which are demon- 
strable after periods not less than from four six weeks, birds neuritis 
and small mammals scurvy. The weight each animal was recorded 
the time when special diet was begun and again several days later when the 
toxic substance was administered. The body-weight serves index the 
effect the diet upon the nutrition the animal. 

the following experiments dosage has been adjusted body-weight and 
each series experiments the smallest dose has been given the smallest 
animal, the dose increasing the series with the weight the animals. 

The number animals which have died any group specially dieted 
animals index variations toxicity referable diet. The average 
duration life animals which have died serves further indication 
variations toxicity, subordinate importance the number fatalities. 
Pathological changes the internal organs have proved additional index 
the influence diet upon the severity intoxication. 
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EFFECT DIET UPON THE LIVER. 


Since the liver serves storehouse for fat and for carbohy- 
drates the form glycogen, preliminary experiments have been 
made determine the effect various diets which have been em- 
ployed upon the liver the white rat. found that sun- 
flower-seed oil, cod liver oil, beef fat fed white rats produced 
injurious effect. Moderate fatty infiltration the liver was 
found after seven days; persisted during two months and 
quently diminished, disappearing the end about four months. 
have examined the livers white rats which have received 
beef fat during eight days. present throughout the tissue, 
but most abundant about the central part each lobule, where, 
surrounding the central vein area occupying approximately one 
half the radius from the central vein the portal space, the cells are 
filled with droplets staining with Sudan III. similar condition 
was found after fat diet received during five days. The livers 
animals fed upon meat oats and sugar exhibit accumulation 
visible fat. the liver animals fed with oats and cane sugar 
during five and eight days, Best’s carmine stain demonstrated the 
presence glycogen large quantity; abundant throughout the 
lobule present, unlike fat, greatest quantity those cells 
which are contact with the portal spaces. 


the following experiments chloroform was administered 
animals which had been subjected the diets previously enumerated. 
Chloroform was mixed with two parts sterile paraffin oil, selected 
because absorbed with difficulty. preliminary experiment 
showed that dose approximately 0.2 cubic centimeter per 100 
grams body-weight injected subcutaneously failed kill, whereas 
from 0.3 0.5 cubic centimeter per 100 grams killed after four 
days, 0.6 cubic centimeter after two days, and 0.7 cubic 
centimeter within one day. Irregularities the action the poison 
are occasionally seen. 

the series experiments recorded table animals were 
given during four days (1) oats and cane sugar, (2) meat (pig’s 
heart), (3) fat (beef fat). 


S., Virchows Arch. path. Anat., 1912, ccvii, 453. 
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Eugene Opie and Leland Alford. 
TABLE 
Chloroform. 


Oats 145 gm. 142 gm. dys. Liver: necrosis lobule. 
and 147 gm. 153 gm. 0.2 c.c. dys. necrosis liver; nephritis. 

180 gm. 177 gm. 0.3 Necrosis lobule. 


| | 


Average duration survival after 


152 gm. 165 gm. 4dys. Necrosis lobule. 
Meat 162 gm. 160 gm. 0.2 c.c. Necrosis lobule. 
Average duration survival after 
Fat 160 gm. 157 gm. 0.2 c.c. 2dys. Necrosis lobule. 
180 gm. 175 gm. c.c. 2dys. Necrosis lobule. 
Average duration survival after 
lived. 


Two five animals which received carbohydrates survived, 
whereas all those which received meat fat died. Differences 
toxicity after different diets further shown the average 
duration life animals which died. All animals which had 
received fat died within one two days, whereas those which re- 
ceived meat lived from two four days. 

Microscopic examination the livers animals which have died 
furnishes evidence that these differences susceptibility induced 
diet are associated with corresponding differences the severity 
the characteristic lesion chloroform poisoning, namely, ne- 
crosis the liver. Three animals which received carbohydrate diet 
died, but only two exhibited necrosis the liver. these two 
animals necrosis occurred immediately about the central vein and 
implicated area extending from one fourth one third the dis- 
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tance from central vein portal space (designated roughly the 
table one fourth one third the liver lobule). The necrotic 
parenchymatous cells have undergone disintegration and have been 
large part removed and replaced loose tissue composed 
capillaries and mononuclear cells. With the more severe necrosis 
which has occurred animals fed with meat fat greater part 
the lobule implicated, the hepatic cells have undergone coagu- 
lative necrosis and remain columns hyaline material between 
the absorption necrotic cells has not begun. 

The animal which received carbohydrate diet and died seven days 
after administration chloroform exhibited nephritis. The kid- 
neys were large and bright yellow. The cells the convoluted 
tubules are vacuolated, the interstitial tissue places contains 
mononuclear cells, and casts are numerous within the tubules. 


TABLE II. 
Chloroform. 
: | Weight | Weight | Dose per | Length of | 
Average duration survival with 
carbohydrate diet........... 
Meat 137 gm. 137 gm. 0.15 c.c. 
Average duration survival with 
167 gm. 148 gm. 0.2 c.c. 2dys. Necrosis lobule. 
215 gm. 200 gm. 0.25 c.c. dys. Necrosis lobule. 


Average duration survival with 


lived. 
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Since all the animals which received meat fat died, was 
assumed that smaller doses chloroform might demonstrate greater 
differences toxicity referable diet. the preceding series 
(table the special diets previously enumerated were given dur- 
ing six days. The smallest dose chloroform given animals 
which had received fat was 0.025 cubic centimeter, but view 
the foregoing experiment, the smallest doses animals which had 
received carbohydrates meat were placed 0.05 cubic centi- 
meter. 

The mortality and the average duration life animals re- 
ceiving carbohydrates, meat, fat confirm the results obtained 
the first series experiments. Susceptibility intoxication 
greatest after diet fat, less after meat, and least animals 
which have received oats and cane sugar. Two animals died after 
ten eleven days; one showed disintegration and absorption 
few hepatic about the central vein each lobule, 
the other exhibited necrosis the liver. both animals there 
was advanced nephritis with large yellow kidneys containing casts. 
may assumed that these animals did not die the result 
necrosis the liver but consequence nephritis which (as 
one animal table progresses more slowly than the hepatic 
lesion. these two animals are excluded, the influence various 
diets upon the occurrence hepatic necrosis clearly definable, 
for fatal necrosis the liver after diet fat has been pro- 
duced dose chloroform (0.05 cubic centimeter), one 
fourth that (0.2 cubic centimeter) which produces the 
same lesion after diet meat, and more than one fifth that 
(0.25 cubic centimeter needed produce the lesion after 
diet oats and sugar. 

the first series experiments (table animals which re- 
ceived oats and sugar during four days lost weight, those which 
received meat gained three grams, and those which received fat 
maintained their weight. the second series experiments 
(table animals which received oats and sugar during six days 
lost average four grams each, those meat maintained their 
weight, and those fat lost average fifteen grams each. 
Since this loss weight indicates that fat continued during pro- 
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longed period insufficient diet, the experiment was repeated 
adding fat carbohydrate diet. Animals received (a) oats and 
sugar, (b) meat alone. One group animals received (c) beef fat 
inseparably ground with rolled oats; another group was fed upon 
(d) rolled oats and received daily one cubic centimeter cottonseed 
oil administered mouth (table 


TABLE 
Chloroform. 
Weight Weight Dose per Length 
108 gm. gm. 0.25 c.c. 
gm. 0.05 c.c. dys. Liver not examined. 
lived. 


The favorable influence carbohydrate diet evident. The 
difference the effect meat and fat less conspicuous than 
the former series, doubtless for the reason that fat has been com- 
bined with carbohydrate. this series animals which received oats 
and sugar gained weight average six grams each; those 
which received meat, five grams each; those which received oats and 
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fat, two grams each; those which received oats and cottonseed oil 
maintained their weight. 

The experiments have shown that chloroform more toxic 
animals which have received meat fat than those which have 
received diet composed large part carbohydrates. The fol- 
lowing experiment (table IV) suggests that the toxicity chloro- 
form animals which have received mixture meat and fat 
perhaps even greater than the toxicity tested animals which have 
received either meat fat alone. Ten animals received during 
six days mixture consisting equal parts beef fat and pig’s 
heart. The average weight these animals showed material 
change (an average loss two grams each). 


TABLE IV. 
Chloroform. 
Diet. Chloroform per 100 gm. body-weight. Length life after administration. 
dys. 
dys. 
0.075 dys. 
Fat and meat dys. 
dys. 
0.125 dys. 
dys. 
dys. 
dys. 


Comparison with previous experiments shows that the corre- 
sponding doses chloroform have not caused the same uniform 
mortality when administered animals upon diet fat meat 
alone; approximately one fifth (0.05 cubic centimeter) the 
lethal dose for animals upon carbohydrate diet (0.25 0.3 
cubic centimeter) has caused death. 

When animals have been given small doses chloroform (0.025 
0.25 cubic centimeter), those which have received carbo- 
hydrate diet have usually survived. With larger doses (table 
differences the extent necrosis after carbohydrate diet the 
one hand, and meat fat the other hand, have already been 
noted. noteworthy difference between the extent necrosis 
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with meat and with fat has been found (tables and 
the following experiment performed the beginning the present 
investigation accurate record the period survival after 
administration chloroform was not kept; histological examination 
the liver this series experiments further demonstrates that 
the severity necrosis influenced diet (table V). 


TABLE 
Chloroform. 
Diet Weight. gm. Length Remarks. 
240 gm. Within dys. Necrosis liver lobule; complete ab- 
sugar | sorption. 


245 gm. Within dys. Necrosis lobule; incomplete absorption. 
215 gm. Within dys. Necrosis lobule; complete absorption. 


Oats 238 gm. Within dys. Necrosis liver lobule; absorption. 
and 220 gm. 0.3 Within dys. Necrosis liver lobule; absorption. 
240 gm. 0.5 Within dys. Necrosis liver lobule; absorption. 


lived. 


bol cole 


Difference the character the lesion noted the two groups 
even more marked than the extent necrosis (necrosis 
one fifth liver lobules the tables means necrosis area about 
the central vein one fifth the distance from the central vein the 
portal space). all the animals which received oats and sugar, 
necrotic cells surrounding each central vein have undergone disin- 
tegration and cell debris has disappeared wholly considerable 
part; whereas the animals which have received diet contain- 
ing meat, hyaline cells devoid nuclei have maintained their shape 
and form columns between capillaries which the endothelium 
wholly partially preserved. With the more complete necrosis 
caused chloroform after diet meat, necrosis perhaps 
profound that the inflammatory reaction which brings about absorp- 
tion dead cellular elements paralyzed. 

conspicuous result the experiments which have been de- 
scribed the demonstration the susceptibility chloroform 
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induced diet containing fat large amount. Fatal necrosis 
the liver after diet fat occurs with doses which produce little 
effect upon animals fed with carbohydrates meat. Control ex- 
periments have shown that the liver white rats fed with fat con- 
tains visible fat stainable Sudan III, deposited greatest abun- 
dance about the central vein each lobule. Necrosis caused 
chloroform occurs the same situation. view the readiness 
with which chloroform dissolved fat probable that in- 
creased fat favors the fixation chloroform within the hepatic 
cells; chloroform fixed exerts its injurious action upon the pro- 
toplasm the cell. 


accordance with the well known theory Meyer® and Overton® chloro- 
form produces anesthesia because fat solvent and taken the 
lipoids nervous tissue. Chloroform distributed the blood and the 
tissues accordance with its solubility the substances with which comes 
into contact. Wells? has offered the suggestion that fatty liver might absorb 
more chloroform from the blood than normal liver. 

Observations are noteworthy; found that finely emulsified fat 
injected into the veins dogs diminished more than one half the quantity 
chloroform needed produce narcosis when simultaneously injected into the 
vein. When fat was injected smaller quantity chloroform was needed 
cause disappearance reflexes, and the period during which animal could 
kept under anesthesia given quantity chloroform was prolonged. 
Similar diminution the dose required produce given result occurred 
when fat was given mouth. Lattes obtained evidence that the fat which 
administered absorbed chloroform, and holding the blood serum diminished 
the quantity fixed the beginning narcosis the adipose tissue the body. 

The fats used the foregoing experiments have been beef fat, which con- 
sists olein, stearin, and palmitin, and cottonseed oil, which large part 
olein. Experiments performed several Russian observers have shown that 
cholesterin and foods containing cholesterin produce profound pathological 
changes rabbits. Stuckey® noted the occurrence arteriosclerosis rabbits 
fed upon egg-yolk and brain tissue, although lesions were found animals 
which had received pure neutral fats. fed rabbits upon egg-yolk 
and brain tissue and noted the accumulation doubly refractive fat droplets 
demonstrable the liver means Nichol’s prisms. Within thirty days after 


H., Arch. exper. Path. Pharmakol., 1899, 
Overton, Studien iiber die Narkose, Jena, 
G., Arch. Int. Med., 1908, 580. 

Lattes, L., Gior. Accad. med. Torino, 1910, xvi, 126; abstracted 
Jahresb. Thier-Chem., 1910, 1199; Miinchen. med. 1910, 2084. 
Stuckey, W., Centralbl. allg. Path. path. Anat., 1912, 

Chalatow, S., Virchows Arch. path. Anat., 1912, 453. 
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the beginning feeding, degenerative changes were found the liver cells and 
there was increase the interstitial tissue the organ. Rabbits fed upon 
egg-white, cow’s milk, meat juice, sunflower-seed oil, cod liver oil, and beef fat 
exhibited injurious effects. Feeding egg-yolk and brain substance 
rats was followed accumulation anisotropic fat the liver and 
evidence degenerative change the hepatic cells.. The effects administra- 
tion the two anisotropic lipoids found egg-yolk have been investigated. 
fed pure lecithin rabbits and obtained evidence that was 
stored the liver. maintained that pure cholesterin fed 
rabbits causes arteriosclerosis. fed cholesterin rabbits and ob- 
tained evidence that accumulates the liver, causing some instances 
advanced cirrhosis. 


TABLE VI. 
Chloroform. 
: Weight |, Weight Dose per Length of 
and gm. gm. c.c. dys. Scant necrosis liver. 
sugar 122 gm. 116 gm. c.c.| 
Average length survival 
after carbohydrate diet....... 
fat gm. 105 gm. c.c. dys. Scant necrosis liver; nephritis. 
gm. 162 gm. c.c.| dys. Necrosis lobule. 


Average length survival 


Calf gm. gm. c.c. dys. Necrosis lobule. 
brain 102 gm. 100 gm. dys. Necrosis lobule. 
148 gm. gm. c.c.| dys. necrosis liver; nephritis. 
Average length survival 
after diet brain............ 
lived. 


Although the experiments just cited have demonstrated path- 
ological changes produced cholesterin omnivorous animals, 
such the rat, has seemed not improbable, view the in- 


Wesselkin, W., Virchows Arch. path. Anat., 1913, ccxii, 225. 
Anitschkow, Beitr. path. Anat. allg. Path., 1913, 379. 
Chalatow, S., Beitr. path. Anat. allg. Path., 1913, 85. 
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creased toxicity chloroform caused fatty diet, that food 
containing cholesterin might influence the toxicity substance 
which causes hepatic lesion. White rats fed upon brain sub- 
stance have been given subcutaneously doses chloroform similar 
amount those previously employed. The animals eat this food 
eagerly and least during the period the experiment maintain 
their weight. the following experiment the effect diets con- 
sisting (a) oats and sugar, (b) beef fat, and (c) brain calf 
have been compared. animals have received these diets during 
six days (table VI). 

The toxicity chloroform has been greater animals fed upon 
brain than those fed upon fat. The average length life 
animals which received fat was more than twice great that 
animals which received brain. Animals which received carbohy- 
drate gained weight average 4.2 grams; those which re- 
ceived fat gained 4.4 grams; those which received brain lost 
average grams. 

For comparison with the foregoing series white rats were fed 
during seven days with boiled egg-yolk (table VII). 


TABLE VII. 


Weight Weight 


Dose per Length of 
100 life. Remarks. 


168 gm. 173 gm. Necrosis liver lobule. 
Egg- 175 gm. 178 gm. c.c.| dys. Necrosis liver lobule. 
yolk 187 gm. 190 gm. dys. Necrosis liver lobule. 
183 gm. I90 gm. 0.175 Necrosis liver lobule. 
187 gm. gm. dys. Necrosis liver lobule. 


which contains per cent. fat, including choles- 
terin and lecithin, induces toxicity equal that found with brain 
substance. Animals which received egg-yolk during seven days 
gained weight average 4.4 grams. These experiments 
with substances containing fat and cholesterin confirm the results 
obtained with beef fat and olive oil. experiments with 
pure cholesterin, given animals receiving sustaining diet, will 
required determine the somewhat greater toxicity found 
after diets brain and egg-yolk referable cholesterin. 
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PHOSPHORUS. 


The influence diet upon the toxicity phosphorus was next 
tested because the substance exerts selective action the liver, 
producing profound injury the cells the organ. Fatty degen- 
eration produced phosphorus not limited the cells the liver, 


TABLE VIII. 
Phosphorus. 
a Weight Weight | Dose per | Length of 
Oats 142 gm. 139 gm. dys. Scant fatty degeneration liver; 
and pregnant. 
sugar 168 gm. 158 gm. dys. Fatty degeneration; scant necrosis. 
gm. 159 gm. dys. Fatty degeneration; several foci 
necrosis. 
Average length survival 
with carbohydrate 
I20 gm. 107 gm. dys. Abscess lungs; beginning prolifer- 
ation connective tissue liver. 
gm. gm. dys. Advanced fatty degeneration and 
necrosis cells liver; beginning 
proliferation connective 
Meat 146 gm. 130 gm. dys. Fatty degeneration; focal necrosis 
tissue liver. 
gm. 137 gm. dys. Fatty degeneration; focal necrosis 
cells connective tissue. 
Average length survival 
gm. 135 gm. 0.08 c.c. dys. Abscesses liver normal. 


Average length survival 


lived. 


for the parenchymatous cells the kidney, heart, muscle, and other 
organs show similar change. per cent. solution phosphorus 
oil (oleum phosphoratum) has been injected subcutaneously. 
The oil injected with the phosphorus negligible for the purpose 
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the experiments since the lethal dose oil phosphorus for 
white rats has proved from 0.07 0.08 cubic centimeter 
per 100 grams body-weight. Animals have been given during 
six days (a) oats and cane sugar, (b) pig’s heart, (c) beef fat; 
the end this time phosphorus has been injected. The special 
diet has been continued after administration the substance (table 

The weight all animals this series apparently much di- 
minished after receiving special diets, the average loss for animals 
oats and sugar being 8.2 grams, meat 17.4, and fat 16.4. 
probable that this discrepancy occurs, large part least, 
because the second weight has been taken the morning before the 
animals had been fed. noteworthy that the susceptibility 
phosphorus bears relation diminution weight. animals 
which have received meat have died, but not improbable that 
the death the animal which received the smallest dose phos- 
phorus referable suppurative bronchopneumonia. Death 
one animal which received oats and sugar perhaps part ref- 
erable advanced pregnancy; one animal which received fat, 
bronchopneumonia with abscesses the lungs. 

the following series experiments beefsteak has been used 
place pig’s heart given the last series. special diet has been 
given during six days and the end this time all animals have 
been allowed eat oats freely (table IX). 

The result this series experiments identical with that 
the foregoing series. All the animals which received meat 
have died. Susceptibility the poison bears relation the 
effect diet upon body-weight; animals which received carbohy- 
drate maintained their weight, gaining average grams; 
animals with meat have, great part, maintained their weight, los- 
ing average two grams, the loss being wholly due the loss 
weight one animal; whereas animals diet fat have lost 
average nine grams. 

both series experiments study the pathological changes 
the livers animals which have died gives noteworthy confirma- 
tion the increased susceptibility phosphorus induced diet 
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TABLE IX. 
Phosphorus. 
Weight Weight Dose per Length 
and crosis. 
gm. gm. 0.09 c.c. dys. Fatty degeneration; necrosis. 
Average length survival 
with carbohydrate diet....... 
necrosis. 
gm. gm. dys. Fatty degeneration; focal necrosis; 
beginning proliferation connec- 
Meat tive tissue. 
gm. gm. dys. Fatty degeneration; slight focal ne- 
crosis. 
gm. gm. 0.08 c.c. dys. Fatty degeneration; focal necrosis 
tissue. 
Average length survival 
crosis. 


change found liver. 


Average length survival 


lived. 


meat. white rats phosphorus the doses which have been 
employed produces fatty degeneration, which makes its appearance 
the end one two days, and after three four days some 
instances has reached such severity that every hepatic cell dis- 
tended with fat droplets. During the first two days even later, 
when the change slight, visible fat may found greatest abun- 
dance the center each lobule; but later, when the change more 
advanced, fat usually more abundant the peripheral part the 
lobules adjacent the portal spaces, though occasionally fat, when 
very large quantity, equally distributed all parts the lobule 
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scattered irregularly disposed patches. effect phos- 
phorus upon the periphery the lobule more conspicuous when 
necrosis occurs. Coagulative necrosis the hepatic cells has been 
observed only two animals which have received carbohydrate 
diet; these animals have survived four days and have received doses 
phosphorus equal 0.08 cubic centimeter oleum phospho- 
ratum. one two instances which necrosis occurred with 
carbohydrate diet several small foci were found below the cap- 
sule the liver; the other instance small areas necrosis have 
occurred contact with many the portal spaces. these areas 
liver cells have lost their nuclei, the cell protoplasm hyaline, there 
hemorrhage, and polynuclear leucocytes are fairly abundant. 
Cells with round and oval nuclei are numerous the portal spaces, 
but there obvious proliferation connective tissue. Necrosis 
was not found the liver any animal which had received diet 
fat. 

animals which have received meat, changes the liver are 
far more profound. Rats which have lived three four days show 
more intense fatty degeneration than those animals other diets 
which have lived during corresponding period, and necrosis, pres- 
ent seven instances, has occurred animals which have received 
from 0.05 0.08 cubic centimeter oleum phosphoratum; 
three instances necrosis has implicated from one two fifths 
the sectioned liver tissue. The tendency localization the pe- 
riphery the lobule contact with the portal space evident 
every liver examined save one, but the even distribution which char- 
acterizes the relation chloroform necrosis the center the 
lobule absent, and foci necrosis varying size and shape may 
occur any part the lobule. one instance necrotic tissue sur- 
rounded the central veins and irregular projections extended far 
the portal spaces. 

Accumulation cells occurs the tissue the portal spaces and 
varies intensity with the severity the hepatic lesion. the 
earliest stages polynuclear leucocytes and cells lymphoid type are 
numerous; the end four days elongated cells resembling fibro- 
blasts may numerous. necrotic cells contact with 
portal space are occasionally found process invasion and re- 
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placement the cells which have accumulated. correspondence 
with the severity the hepatic lesion accumulation cells and 
about the portal tissue has been more conspicuous animals which 
have received meat. one animal which lived eleven days fibro- 
blasts are numerous the portal tissue and form outshoots into 
the adjacent hepatic parenchyma, whereas within the lobules occur 
several foci which young fibroblasts replace hepatic cells. 
parison with earlier lesions suggests that young connective tissue has 
taken the place liver cells which have undergone necrosis and dis- 
integration. 

The effects diet upon the toxicity phosphorus differ from 
those observed with chloroform. Whereas fat has uniformly in- 
creased the toxicity chloroform, meat has with equal constancy in- 
creased susceptibility phosphorus. There has been note- 
worthy difference the toxicity phosphorus with carbohydrate 
and with fatty diet. The experiments suggest obvious explana- 
tion these differences the effects diet upon chloroform and 
phosphorus. Certain differences between chloroform 
phorus may cited. Chloroform produces necrosis the center 
each hepatic lobule, whereas phosphorus usually produces wide- 
spread fatty degeneration, which more intense the periphery 
the lobule. Phosphorus less destructive the hepatic cell, but 
occasionally, when given large dose, and almost constantly, when 
given animals which have received diet meat, causes wide- 
spread necrosis localized especially the periphery the lobule. 
Both substances are soluble fat, but chloroform absorbed more 
readily and its toxic action the liver far more quickly exhibited. 
evident from the experiments that the fatty content the 
liver has little influence upon the severity the lesion which follows 
the slow deposition phosphorus the liver. 


Alcohol has been selected for the following experiments because 
Its toxicity was first tested upon white rats receiving mixed diet 
consisting oats and other substances. this preliminary test 
0.25 cubic centimeter absolute alcohol per 100 grams body- 


his 
| 
| 
3 
| 


Eugene Opie and Leland Alford. 


weight, diluted with equal part water and injected subcutane- 
ously, failed kill, whereas doses and cubic centi- 
meter, and cubic centimeter were fatal. Large quantities alco- 
hol produced anesthesia from which the animal did not recover. 


TABLE 
Alcohol. 


Weight Weight Dose per Length 


gm. 164 gm. 0.8 dy. Slight fatty degeneration liver. 


Meat 155 gm. gm. 0.5 c.c. 
167 gm. gm. 0.65 c.c. 


gm. 165 gm. 0.8 c.c. dy. noteworthy lesion found. 


gm. 116 gm. 0.2 


* 
160 gm. gm. 0.35 c.c. 
Fat 157 gm. gm. 0.5 cc. 
165 gm. 160 gm. 0.65 
gm. 164 gm. 0.8 c.c. 
lived 
TABLE XI. 
Alcohol. 
=. Weight Weight Dose per Length of 2 


gm. 135 gm. 0.15 c.c. dys. noteworthy lesion found. 
gm. 162 gm. 0.75 c.c. 


I25 gm. 127 gm. 0.15 c.c. 
* 


sugar 143 gm. 148 gm. 0.6 c.c. 


* 

I 


I52 gm. I5I gm. 0.6 c.c. 


dy. noteworthy lesion found. 


j 
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The preceding experiments were performed under conditions sim- 
ilar those present the tests with chloroform and phosphorus. 
The animals were special diets during five days (table X). 

the next series experiments animals received special diets 
during six days (table XI). 

Although the experiments show that the maximum quantities 
alcoho] administered were cause death they furnish 
proof that the toxicity alcohol can influenced the diets em- 
ployed. There evidence that alcohol, like chloroform, causes 
necrosis the liver. 
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THE INFLUENCE DIET UPON NECROSIS CAUSED 
HEPATIC AND RENAL POISONS. 


anp THE NEPHRITIS CAUSED CHRO- 
MATE, URANIUM NITRATE, CHLOROFORM.* 


EUGENE OPIE, M.D., LELAND ALFORD, M.D. 


(From the Pathological Laboratory Washington University Medical 
School, St. Louis.) 


Since the experiments which have been recorded demonstrate 
that lesions the liver produced chloroform and phosphorus 
may profoundly influenced diet, experiments have been per- 
formed determine substances which produce necrosis the 
parenchymatous cells the kidney exhibit similar relations diet. 
Potassium chromate and uranium nitrate have been chosen because 
they have selective action the kidney causing necrosis the 
renal tubules and leaving the parenchymatous cells the liver and 
other organs relatively unaffected. These substances have the fur- 
ther advantage that they have been much used produce acute 
nephritis animals. They cause albuminuria, and the white rat 
casts are very numerous within the tubules the kidney. 


THE EFFECT DIET UPON THE KIDNEY. 


White rats were given during five and eight days (a) oats and 
sugar, (b) meat alone, (c) fat alone, and the amount visible 
fat within the kidney was determined staining with Sudan III. 
all kidneys examined the stain gives the tubules the cortex 
and the subcortical zone containing the loops Henle pink- 
ish color, but animals which have received the carbohydrate diet 
fat droplets are almost wholly absent. Groups fine, brightly 
stained fat droplets were occasionally found 
tubule. animals which received meat fat was somewhat more 
abundant. The kidney one animal which had received meat 
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contained moderate amount visible fat present tubules within 
the medullary convoluted tubules situated the part 
the cortex contact with the medulla, and occasionally the loops 
Henle extending into the medulla. This animal had broncho- 
pneumonia with multiple abscesses the lungs. The kidneys 
animals which had received diet fat contained fat fair abun- 
dance. Many the tubules within the medullary rays the cortex 
and many the loops Henle the medulla immediately below 
the cortex contained conspicuously stained coarse fat droplets 
abundant that the affected tubules were sharply outlined. the 
convoluted tubules there was little fat save the lowermost part 
the cortex; here groups tubules contain fat droplets closely 
crowded together. The distribution fat indicates that the fatty 
diet may cause accumulation fat the cells the loops Henle. 


POTASSIUM CHROMATE, 


Potassium chromate 2.5 per cent. aqueous solution has been 
injected subcutaneously quantities varying from 0.05 0.3 
cubic centimeter (0.00125 0.0075 gram). the following 
series experiments animals were given during nineteen days diets 
consisting (a) oats and sugar, (b) pig’s heart, and (c) beef fat. 
The special diets were continued after administration potassium 
chromate (table I). 

the following series experiments diets meat and fat ad- 
ministered during unusually long period have been accompanied 
considerable loss weight (for meat average grams, 


Potassium Chromate. 
Weight Weight Dose per Length 

gm. 148 gm. dys. Necrosis convoluted tubules; calci- 
Oats fication. 
and 148 gm. 152 gm. 0.2 dys. Necrosis convoluted tubules; calci- 
sugar fication. 

tubules. 
155 gm. 172 gm. 0.3 c.c. dys. Necrosis convoluted tubules. 


Average length survival 
with carbohydrate diet....... 
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TABLE 


A | Weight Weight Dose per | Length of 
Diet. diet. dys.| 100 gm. Life. Remarks. 
I25 gm. 100 gm. 0.1 c.c. dys. Casts kidney. 
Meat 157 gm. 132 gm. 0.2 c.c. dy. Casts kidney. 
tubules. 
Average length survival 
I45 gm. gm. c.c. dys. Necrosis convoluted tubules; calci- 
fication. 
135 gm. gm. 0.15 c.c. dys. Necrosis convoluted tubules. 
tubules. 
160 gm. 133 gm. 0.3 dy. lesion found. 
Average length survival 
lived. 
TABLE II. 


Potassium Chromate. 


Dose per 


Length of 


Remarks. 


Necrosis convoluted tubules. 
Necrosis convoluted tubules. 
Necrosis convoluted tubules. 
Necrosis convoluted tubules. 


Necrosis convoluted tubules. 
Necrosis convoluted tubules; calci- 


Necrosis convoluted tubules. 
Necrosis convoluted tubules. 


Necrosis convoluted tubules. 
Necrosis convoluted tubules. 
Necrosis convoluted tubules. 
Necrosis convoluted tubules. 


Weight Weight 
200 gm. 205 gm. dys. 
Average length survival 
with carbohydrate diet...... 
oats fication. 
262 gm. 270 gm. dys. 
Average length survival 
275 gm. 275 gm. c.c.| dys 
Average length survival 


lived. 
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for fat, 27.2 grams), whereas animals which received oats and sugar 
gained weight (an average grams). avoid the disturb- 
ance nutrition produced prolonged feeding with meat fat, 
animals have been fed the preceding series experiments (table 
during six days with (a) oats and cane sugar, (b) beefsteak 
and rolled oats, and (c) fat inseparably mixed with rolled oats. 
Animals which received oats and sugar and those which received 
meat and oats gained weight; those with oats and fat maintained 
their weight. 


TABLE 
Potassium Chromate. 
Weight Weight Dose per Length 
Average length survival 
with carbohydrate diet....... 
fication. 
Average length survival 
fication. 
Average length survival 
lived. 


the next series experiments (table III) animals have been 
given during six days diets consisting (a) oats and cane sugar, 
(b) beefsteak, and (c) boiled egg-yolk which contains per cent. 
fat including cholesterin and lecithin. After injection potas- 
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sium chromate animals diets meat and egg-yolk were 
allowed eat freely roiled oats. 

Animals which received oats and sugar lost weight, the average 
loss being 6.8 grams, whereas those meat gained average 
1.8 grams, and those egg-yolk, 5.6 grams. The last three series 
experiments fully confirm the view that the effect diet upon 


the toxicity the substances which have been tested bears 


stant relation the body-weight and not the result partial 
inanition. 

the three series experiments with potassium chromate 
the number animals which have survived and the average 
length life those which have died uniformly demonstrate the 
protective influence carbohydrate diet. combining oats with 
meat and with fat (table II) differences between the three diets 
have been reduced minimum but still persist. The protective 
action the carbohydrate diet referable the period preceding 
the production nephritis potassium chromate, for this protec- 
tion evident even though carbohydrate has been given all ani- 
mals after the poison has been administered. 

Animals which have received meat have shown the greatest sus- 
ceptibility the action potassium chromate, but there has been 
little difference between the effect protein and fat. Animals 
which have received egg-yolk which contains cholesterin abun- 
dance have not exhibited remarkable susceptibility potassium 
chromate. 

The changes produced the kidney the white rat potassium 
chromate have been studied carefully order define their relation 
the lesions the liver produced and phosphorus 
and compare the severity the lesions animals which have 
been given different diets. Necrosis limited the convoluted 
tubules within the cortex the kidney; there necrosis 
the liver. animals which have died within one day after admin- 
istration potassium chromate changes may found the kid- 
ney; within one two days hyaline casts are usually found the 
straight tubules and few the convoluted tubules may exhibit 
the cells are swollen and occasionally hyaline and the nuclei 
have disappeared remain contracted, deeply stained bodies. 
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the end three days the extent necrosis well defined, and 
with large doses potassium chromate almost every convoluted 
tubule the kidney swollen hyaline column without nuclei; the 
endothelial cells the capillaries persist, and the glomeruli, the med- 
ullary rays the cortex, and the loops Henle the medulla just 
below the cortex are intact. attempt has been made estimate 
roughly the extent necrosis animals which have survived three 
more days. When the kidneys animals which have lived three 
more days are compared, necrosis usually found somewhat 
more extensive animals which have received meat fat than 
animals carbohydrate diet. table which all animals 
lived three days, necrosis most severe animals with meat, less 
with fat, and least with carbohydrate. animals which have lived 
four more days calcium often deposited the necrotic tubules 
there apparently relation between diet and the occurrence 
calcification. 
URANIUM NITRATE. 


Uranium nitrate, like potassium chromate, causes necrosis the 
The physiological studies Schlayer and 
and others have shown that reactions referable the vas- 
cular apparatus the kidney are not impaired these 
whereas with the nephritis produced, for example, cantharidin 
arsenic, the volume the kidney does not diminish under the in- 
fluence sensory stimuli adrenalin; while diuretics, such caffein 
per cent. salt solution, not dilate the blood vessels and fail 
produce diuresis. Uranium nitrate exhibits peculiarities not ob- 
served with potassium chromate. certain stage intoxica- 
tion with uranium nitrate, diuretics, such per cent. salt solution, 

dextrose, etc., cause dilatation the blood vessels the kid- 

ney but increased flow Well known observations 

Richter* have demonstrated that uranium nitrate given rabbits 

causes subcutaneous edema and accumulation fluid the serous 

cavities when hydremic plethora produced the daily administra- 
and Hedinger, Deutsch. Arch. klin. Med., 1907, xc, 

M., Arch. Int. Med., iii, 422. 

Schlayer, Hedinger, and Takayasu, Deutsch. Arch. klin. Med., 1907, xci, 59. 


F., Beitr. klin. Med., Festschr. Senator, 1904, 283; Berl. 
1905, xlii, 384. 
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tion water stomach. Edema not similarly caused potas- 
sium chromate. further difference between the action the 
two substances has been noted Christian and O’Hare® who found 
that uranium nitrate causes lesion the glomeruli characterized 
the presence hyaline droplets the capillary loops and other 
changes. 

Uranium nitrate has been administered 0.5 per cent. aqueous 
solution subcutaneous injection. the following series ex- 
periments (table IV) doses varying from 0.05 0.3 cubic cen- 
timeter (0.00025 0.0015 gram) have been given animals 
which during four days had received (a) oats and cane sugar, (b) 
beefsteak, (c) beef fat; the diets were continued six days after 
injection uranium nitrate. 


TABLE IV. 


Uranium Nitrate. 


Weight Weight Dose per Length 


Diet. fore diet. gm. life. Remarks, 


and 138 gm. 140 gm. 0.15 c.c. dys. Kidney: scant necrosis; calcification. 
sugar I50 gm. gm. 0.2 c.c. dys. Kidney: necrosis 
gm. gm. 0.25 c.c. Kidney: necrosis calcification. 


Average length survival with 
carbohydrate diet........... 


gm. gm. 


gm. gm. 
Meat 127 gm. 127 gm. 


0.15 dys. Kidney: scant necrosis. 

280 gm. 267 gm. dys. Kidney: necrosis calcification. 


Average length survival with 


| 
gm. gm. dys. Kidney: scant necrosis; calcification. 
Fat 128 gm. gm. 0.15 dys. Kidney: necrosis (3); calcification. 
I40 gm. 130 gm. 0.2 dys. Kidney: necrosis calcification. 
230 gm. 225 gm. dys. Kidney: necrosis calcification. 


Average length survival with 


lived. 
Christian, A., and O’Hare, P., Jour. Med. Research, 1913, xxviii, 227. 
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this series experiments animals upon diet fat have shown 
greatest susceptibility uranium nitrate. The number animals 
which survived has been the same diets meat and carbo- 
hydrate, but the average duration life has been considerably 
longer after carbohydrate diet. These differences have been al- 
most obliterated when oats have been given with meat and fat. 
the following series experiments (table oats were combined 
with meat and fat during three days; during the next three days 
animals received meat alone and fat alone and after administra- 
tion uranium nitrate all animals received oats. Since animals 
were allowed eat oats freely, probable that the special diets 
were effective only during three days. 


TABLE 


Uranium Nitrate. 


. rasa | Weight | Dose per | Length of 


gm. 


gm. 127 gm. dys. Kidney: necrosis 


* 
dys. Kidney: necrosis calcification. 
odys. Kidney: necrosis calcification. 
Average length survival 


gm. 


Kidney: necrosis (3); calcification. 


survival 

lived. 


the foregoing series experiments the diets which have been 
employed have been associated with noteworthy differences 
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the number animals which died the average duration life. 
study changes the kidneys has shown that the more advanced 
necrosis occurs animals which have received diet fat. 

Since nearly all animals the two last series experiments have 
died, has seemed probable that differences might more accu- 
rately tested smaller doses. the next series experiments 
(table special diets have been administered during five days; 
from 0.02 0.1 cubic centimeter 0.5 per cent. solution 
(0.0001 0.0005 gram) uranium nitrate has been injected 
subcutaneously and after its administration oats have been given 
all animals. 


VI. 
Uranium Nitrate. 
Diet. before diet. after 5dys.| life. Remarks. 


* 
* 
* 


Average duration life with 


carbohydrate diet............. 7+dys. 
gm. 130 gm. 0.02 dys. Kidney: scant necrosis. 


dys. Kidney: scant necrosis. 


0.08 dys. Kidney: not examined. 


164 gm. 162 gm. 


185 gm. 172 gm. dys. Kidney: scant necrosis. 
Average duration life with 
290 gm. 280 gm. 0.1 dys. Kidney: necrosis 
Average duration life with 
lived. 
The experiments with uranium nitrate demonstrate that carbo- 


hydrate exerts protective action. survey the three last tables 
shows that only one six animals carbohydrate diet receiving 


t 
Oats 165 gm. 
and 155 gm. 
sugar 168 gm. 
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less than 0.1 cubic centimeter died, only one four meat 
diet receiving less than 0.06 cubic centimeter died, and only one 
two animals fat diet receiving less than 0.05 cubic centi- 
meter died, fatal result being almost constant after the respective 
diets with doses above those named. Susceptibility uranium 
nitrate after diet meat and after diet fat almost the same; 
susceptibility somewhat greater after fat. 

Since the object these experiments upon the kidney has been 
determine diet influences the incidence necrosis, careful 
study the kidney has been made. The liver and other organs 
show change comparable that which occurs the 
may assumed that animals which survive have suffered less pro- 
found renal changes than those which die. the two series re- 
corded tables and relatively large doses having been em- 
ployed, nearly all animals died after interval which does not vary 
very greatly. These series offer opportunity determine the 
extent the lesion influenced diet. 

Although uranium nitrate causes necrosis the renal tubules, 
the lesion not identical with that potassium chromate. Where- 
potassium chromate causes death within from one five days 
uranium nitrate has rarely caused death before the end six days. 
With small doses uranium nitrate the convoluted tubules are al- 
most wholly unaffected; the lowermost part the cortex 
immediate contact with the medulla small groups convoluted 
tubules have lost their nuclei and become hyaline. the medullary 
the cortex necrosis has usually occurred many tubules. 
the medulla just below the level the glomeruli tubules which 
have undergone coagulative necrosis are abundant and have the 
characters the loops Henle, which here dip into the medulla. 
With more advanced lesions the greater part all tubules within 
both the cortical and subcortical zone may necrotic, whereas 
the convoluted tubules are little changed. With increasingly severe 
lesions, such occur after fat diet, the convoluted tubules are im- 
plicated and considerable proportion the cortex undergoes ne- 
crosis. Calcium salts are quickly deposited the dead tissue and, 
stained with hematoxylin, define very sharply the chief localization 


Age 

3 


Eugene Opie and Leland Alford. 


the lesion the medullary striz and the zone just beneath the 
cortex. 

The extent necrosis considerably greater animals which 
have received fat than those other diets, but noteworthy 
difference has been found between the kidneys those with meat 
and those with carbohydrate. tables IV, and rough es- 
timate has been made the relation the necrotic tissue the 
total area (cortex plus subcortical zone) which necrosis occurs. 
the tables this estimate expressed fraction parenthesis. 
After diet fat from two thirds three fourths this area may 
implicated (tables and V), whereas with carbohydrate 
meat the necrotic part usually not more than from one fifth 
one third when the corresponding doses uranium nitrate are em- 
ployed. 

noteworthy that necrosis the renal tubules with uranium 
nitrate most severe after diet fat and occurs those situa- 
tions which fat has been found the normal kidney animals 
fed upon fat, namely, the medullary strize, the lowermost part 
the cortex, and the medulla immediately below the cortex. 
The loops Henle rat fed upon fat become unusually suscep- 
tible the action uranium nitrate. 


CHLOROFORM. 


The occurrence necrosis caused uranium nitrate parts 
the kidney which fatty infiltration may occur has suggested the 
possibility that substance such chloroform, which soluble 
fat, may produce necrosis the same situations, for has been 
shown that animals which have received fat are especially suscep- 
tible the toxic action chloroform. Furthermore, fat de- 
posited the center the hepatic lobule white rats which have 
received fat diet and the necrosis chloroform occurs this part 
the lobule. Renal lesions following the administration chloro- 
form have been noted some the experiments® which have 
been described. When chloroform produces fatal lesion the 
liver death occurs within three four days. Animals which sur- 


Opie, and Alford, B., Exper. Med., 1915, xxi, tables 
II, and VI. 
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vive this period may die after from six eleven days with evident 
lesions the kidney. The organ enlarged and bright yellow. 
There fatty degeneration both necrosis and fatty degeneration 
the renal tubules, and casts are abundant (page 6). animals 
which have died with hepatic lesions within three four days, well 
defined lesions the kidney are often present. 

table VII changes found the kidneys animals which died 
after various periods following the administration chloroform 
are described. These animals are some those concerning which 
data are recorded table the preceding 


TABLE VII. 
Chloroform. 

lowermost half cortex, and loops Henle 
adjacent medulla; slight calcification. 

Fat 0.075 dys. Casts tubules. 

Fat dys. Necrosis situations named above. 

Fat 0.225 Fatty degeneration diffusely distributed; albumin 
glomerular capsules; casts. 

Brain 0.025 2dys. lesion found. 

Brain 0.075 2dys. Fatty degeneration diffusely distributed; albumin 
glomerular capsules; casts. 

Brain 2dys. degeneration most advanced medullary 
and subcortical zone. 

Brain 0:225 Necrosis almost wholly limited medullary 
with beginning calcification; fatty degeneration. 


The renal lesion which produced chloroform inconspic- 
uous animals which have lived less than four days. Necrosis 
renal tubules occurs, and although may affect tubules any 
part the cortex most severe the medullary the 
lowermost part the cortex, and the immediately adjacent sub- 
cortical part the medulla. Fat infiltration after diet rich 
fat has been found the same situations and much less advanced 
other parts the cortex. Chloroform which readily soluble 
fat produces necrosis those parts both liver and kidney 
which visible fat accumulates. 


Opie, L., and Alford, B., loc. cit. 


Ga 


| 


Eugene Opie and Leland Alford. 


DISCUSSION. 


The effect diet upon the toxicity two substances, namely, 
chloroform and phosphorus, capable causing necrosis the liver, 
has been studied, and similar investigation two substances which 
cause necrosis renal tubules, namely, potassium chromate and 
uranium nitrate, has been made. these substances are more 
toxic for animals which have received diet meat than for those 
which have received diet consisting great part carbohydrate 
(oats and cane sugar). Upon these diets white rats maintain their 
weight and remain good health. Study the histological 
changes animals which have died shows that susceptibility these 
poisons dependent upon the varying extent necrosis the liver 
kidney induced diet. 

The protective action carbohydrates, preventing destruction 
hepatic renal cells, accord with observations which have 
shown that carbohydrate diet prevents the disintegration body 

protein. Voit, Rubner, and have shown that carbohydrate 
given healthy individual diminishes the amount protein 
needed maintain nitrogen equilibrium and starvation reduces 


elimination nitrogen. well known that the fever 


acute infections accompanied increased excretion nitrogen 
the urine due augmented activity protein catabolism. Fritz 
Voit® and Linser and found that elevation temperature 
caused immersion warm water was accompanied increased 
elimination nitrogen; they found that was possible retard 
this increased protein catabolism adding carbohydrate the food. 
Shaffer and have shown that the loss body protein 
which occurs with typhoid fever may retarded the use diets 
high caloric value especially rich carbohydrate, and, the 
supply carbohydrate sufficient, the loss nitrogen derived 
from body protein may prevented. Coincident diminution the 
excretion creatin and total sulphur indicates that febrile de- 

literature the subject see Lusk, G., The Elements the Science 
Nutrition, Philadelphia and London, 

xi, 120; cited Shaffer, A., and Coleman, W., Arch. Int. Med., iv, 538. 


P., and Schmidt, Deutsch. Arch. klin. Med., 1904, 514. 
Shaffer, and Coleman, W., loc. cit. 
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struction body protein prevented. What relation disintegra- 
tion body protein bears parenchymatous degeneration the 
organs, focal necrosis the liver and spleen, and necrosis affecting 
the specific lesions typhoid fever cannot defined with our 
present knowledge the subject. 

The urine furnishes similar evidence protein disintegration 
after administration chloroform. and other observ- 
ers have shown that anesthesia produced inhalation chloroform 
followed increased elimination urinary nitrogen, sulphur, 
and phosphoric acid. The experimental studies Howland and 
have demonstrated that the increased elimination 
nitrogen and sulphur which accompanies intense disintegration 
body protein occurs association with necrosis the liver, which 
the characteristic lesion delayed chloroform poisoning all 
mammals. similar increase protein catabolism occurs the 
result phosphorus poisoning (Ray, McDermott, and 

Necrosis produced chloroform, phosphorus, and similar sub- 
stances perhaps the anatomical expression advanced disin- 
tegration body protein. Carbohydrate may tend limit this 
necrosis protecting body protein. Protein diet, virtue the 
specific dynamic action protein diet demonstrated 
increases the activity metabolism, indicated increased heat 
formation. 

noteworthy that the quantity carbohydrate needed main- 
tain nitrogen equilibrium may increased disease the liver. 
found that increased quantity carbohydrate required 
with catarrhal jaundice, cholelithiasis with jaundice, cirrhosis, and 
certain other hepatic diseases. believes that the change occurs 
because the liver longer able store glycogen effectively. 

The toxicity two substances, namely, chloroform and uranium 
nitrate, has been greater after diet fat than after diets meat 
carbohydrate. Necrosis caused chloroform occurs the 


Strassman, F., Virchows Arch. path. Anat., cxv, 

Howland, J., and Richards, N., Jour. Exper. Med., xi, 344. 

E., McDermott, and Lusk, Am. Jour. Physiol., 1890, 
iii, 130. 

Rubner, M., Die Gesetze des Energieverbrauchs, Leipzig, 1902. 

Tallqvist, W., Arch. Hyg., 1908, 30. 
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centers the hepatic lobyles and the loops 
tion with fat occurs these situations when white rats are fed with 
fat. The ready solubility chloroform fat suggests the proba- 
bility that necrosis occurs because chloroform fixed the fat 
present the cell. The susceptibility the cells the kidney and 
the liver necrosis has part the localization the lesion, 
for all cells the body which contain fat not undergo necrosis. 
Meyer and Overton maintain that narcosis occurs because sub- 
stance soluble lipoids accumulates the cells the central nerv- 
ous system. They believe that the efficiency anesthetic de- 
pendent upon the readiness with which passes from aqueous 
solution into lipoid and may conveniently expressed its coeffi- 
cient distribution oil and water. probable that the oc- 
currence necrosis caused chloroform dependent upon two 
factors: (1) the coefficient distribution fat and water causing 
the fixation chloroform, and (2) the injurious action chloro- 
form upon the protoplasm the cell, measurable part increased 
activity protein catabolism. 

the two substances which cause necrosis renal tubules, 
uranium nitrate exhibits maximum toxicity animals which have 
received fat, whereas with potassium chromate the susceptibility 
animals which have received meat somewhat greater than the 
susceptibility those which have received fat. noteworthy 
that the lesion uranium nitrate severest those tubules (loops 
Henle) which accumulate visible fat when the animal fed upon 
fat. 

There close analogy between certain human lesions and those 
produced the substances which have been employed. Toxemia 
pregnancy, acute yellow atrophy the liver, and certain bacterial 
are characterized necrosis parenchymatous cells 
the liver and not infrequently the kidney, resembling very 
closely the changes produced chloroform. eclampsia the dis- 
tribution hepatic necrosis similar that which has been caused 
phosphorus. Focal necrosis parenchymatous cells occurs 
the liver, spleen, and other organs during typhoid fever, malaria, 


Mallory, B., Jour. Med. Research, 1901, vi, 264. Opie, L., idem, 1904, 
147. 
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diphtheria, and many other infections. Study pathological tis- 
sues and experimental studies with chloroform and other substances 
indicate that necrosis hepatic cells has important part the 
pathogenesis cirrhosis the liver. Our experiments performed 
with four substances which produce localized necrosis indicate that 
diet may exert important influence upon the incidence and prog- 
ress similar lesions. Increased susceptibility caused pro- 
tein diet and some instances fat may have part the produc- 
tion conditions such toxemia pregnancy eclampsia. The 
experiments suggest that carbohydrate diet may prevent their occur- 
rence retard their progress. 


CONCLUSIONS. 


Diet exerts profound influence upon the toxicity (tested the 
omnivorous white rat) certain substances, namely, chloroform, 
phosphorus, potassium chromate, and uranium nitrate, which cause 
necrosis the parenchymatous cells the liver the kidney. 
Susceptibility intoxication with all these substances less after 
diet rich carbohydrate than after diet consisting meat. 

Carbohydrates protect the parenchymatous cells the liver 
the kidneys from necrosis caused any one these substances. 

Chloroform much more toxic animals which have received 
diet consisting great part fat than those which have re- 
ceived meat. When fat fed the white rat fatty infiltration oc- 
curs the centers the hepatic lobules and the loops Henle 
the kidney. The necrosis caused chloroform has the same 
location. The solubility chloroform fat determines the in- 
creased susceptibility animals which have received fat and stored 
the parenchymatous cells the liver and kidney. 

Susceptibility intoxication with phosphorus which causes fatty 
degeneration and necrosis the liver not increased diet 
fat. Necrosis caused phosphorus occurs the periphery the 
hepatic lobule and exhibits maximum intensity animals which 
have received meat. 

Susceptibility intoxication with potassium chromate which 
causes nephritis with necrosis the convoluted tubules the kid- 
ney not greater after diet fat than after diet meat. 
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Susceptibility intoxication with uranium nitrate which causes 
nephritis with advanced necrosis renal tubules increased 
diet fat. The loops Henle, which fat abundant after 
diet fat, are the chief site necrosis. 


| 
= 
| 
| : 


NEW AND RAPID METHOD FOR THE ISOLATION 
AND CULTIVATION TUBERCLE BACILLI 
DIRECTLY FROM THE SPUTUM 
AND FECES.* 


PETROFF. 
(From the Adirondack Cottage Sanitarium, Trudeau.) 


The object this investigation was devise simple, practical, 
and reliable method for the isolation and cultivation the tubercle 
bacillus from the sputum and feces. Most the methods employed 
during the last twenty years not give uniformly positive results. 
the last few years the antiformin method has proved 
value, but has failed give rapid and uniform growth. Its 
disadvantage rests the fact that repeated washing the sputum 
with sterile water diminishes the number organisms and increases 
the possibility contamination. Passing specimen through 
animal may may not modify the organism. difficul- 
ties made impossible the present make systematic studies 
tubercle bacilli bearing cultural characteristics, staining reac- 
tions, virulence, and other biological phenomena. The work 
Churchman, Krumwiede, and Simons, the effect various dyes 
upon the growth microorganisms, suggested the use these 
dyes the isolation the tubercle bacillus. 

first attempt was made grow tubercle bacilli directly 
from the sputum medium containing gentian violet. Only 
few Gram-positive streptococci and diplococci appeared the tubes. 
These organisms were isolated and studied. dilution gentian 
violet 1,000 failed inhibit their growth. the elimination 
some them sodium hydrate proved greater value than 
antiformin. 

determine the bactericidal action sodium hydrate the 
tubercle bacillus, series tubes containing and per cent. 


This work was made possible the Harriman-Sage funds. Received for 
publication, October 13, 1914. 
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sodium hydrate were inoculated with tubercle bacilli and left the 
incubator for twenty-four hours 37° the end that time 
the tubes were neutralized litmus with normal hydrochloric acid, 
centrifugalized, and the sediment containing the tubercle bacilli was 
inoculated into tubes. After incubation for some time they showed 
positive growths tubercle bacilli. 

The next step was determine what stain and dilution were most 
favorable for the growth tubercle bacilli. For this purpose 
series media containing gentian violet, methyl violet, methylene 
blue, crystal violet, and fuchsin dilutions varying from 1,000 
100,000 were used. Tubercle bacilli will grow well egg- 
meat juice media containing all the above stains even dilu- 
tion low 5,000, with the exception methylene blue which 
gave negative results below dilution 25,000. media 
containing this stain the tubercle bacilli grow rather slowly, and the 
individual organisms are impregnated with the stain. From these 
results gentian violet was selected the most favorable 
account its inhibitory action many organisms. 


PREPARATION THE 


After many attempts was found that medium containing 
whole egg, beef or, preferably, veal juice, and gentian violet gave 
uniformly positive results. This medium contains: 


Two parts egg (white and yolk). 

One part meat juice. 

Gentian violet sufficient the proportion 10,000. 

Meat gm. beef veal are infused 500 c.c. per cent. 
solution glycerin water. Twenty-four hours later the meat squeezed 
sterile meat press and collected sterile beaker. 

Eggs.—Sterilize the shells the eggs immersion for ten minutes 
per cent. alcohol pouring hot water upon them. Break the eggs into 
sterile beaker and after mixing the eggs well, filter through sterile gauze. Add 
one part volume meat juice. 

Gentian sufficient per cent. alcoholic gentian violet make 

Tube about three cubic centimeters each sterile test-tube and inspissate for 
three successive days: the first day 85° C., until all the medium solidified, 
changing the places the tubes necessary; the second and third days for 
not more than one hour 75° For the bovine type omit the glycerin and 
infuse the meat for twenty-four hours water. Bovine tubercle bacilli grow 
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this medium even contains glycerin, but account the popular belief 
and the lack data used medium without the glycerin. 

From careful calculation appears that single organism 
divides two, will take approximately from six seven days 
grow pin-point colony and visible. confirm this, five or- 
ganisms were isolated Barber’s method and inoculated test- 
tube containing gentian violet-egg-meat juice media. Every twenty- 
four hours the tubes were examined. the sixth day three pin- 
point colonies were visible. The strain the tubercle bacilli used 
this experiment was well adapted for growth outside the body, 
having been isolated two years previously. This experiment shows 
that under most favorable conditions will take least six days for 
single tubercle bacillus grow visible colony. 


METHOD ISOLATING TUBERCLE BACILLI FROM THE SPUTUM. 


Fresh sputum advisable. Equal parts sputum (about five 
cubic centimeters) and per cent. sodium hydrate are well shaken 
and left the incubator for twenty thirty minutes until the sputum 
fairly well digested. The sputum then neutralized sterile lit- 
mus paper with normal hydrochloric acid, centrifugalized, and the 
sediment inoculated into several test-tubes containing the media 
described above. Neutralization not necessary, but advisable. 
few instances added the mixture sputum and sodium 
hydrate few drops per cent. litmus solution, but this method 
did not give satisfactory results. 

determine the value this method and the medium, parallel 
series was carried out with medium which did not contain gentian 
violet. Fifteen out twenty specimens the plain medium were 
contaminated, while all twenty gentian violet-egg-meat juice medium 
specimens were free from contamination. This proved that some 
the organisms were not destroyed the sodium hydrate their 
growth would inhibited the gentian violet. Smears were 
made from the sediment each specimen with the object com- 
paring the original with that the growth. 

The appearance the growths was not uniform. Some speci- 
mens gave positive growth seven days, while others took from 
twelve fourteen days, but never longer. All gave positive micro- 
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scopical findings upon the ninth day. There was great variation 
also cultural characteristics, some being small pin-point colonies 
and others large flat ones. Some the types decolorized the 
medium while others picked the dye and the colonies appeared 
violet. Morphologically they showed considerable variation, vary- 
ing from cocci long rods. the present time have iso- 
lated tubercle bacilli uniformly from sixty-nine consecutive speci- 
mens. The sediment from six specimens, after careful micro- 
scopic examination, was negative for tubercle bacilli; the cultures, 
however, were positive. The value this method for negative 
sputa being studied. 


METHOD ISOLATING TUBERCLE BACILLI FROM THE FECES. 


isolate tubercle bacilli directly from the feces not easy. 
There are present many spore-forming bacteria which resist the 
action the sodium hydrate. The concentration the sodium 
hydrate seems not important, because careful study showed 
that the length exposure more important than concentration. 
Feces are collected wide mouthed jars; morning specimen gives 
the best results. The feces are diluted with about three volumes 
water and mixed well, then filtered through several thicknesses 
gauze remove solid food particles. The filtrate saturated with 
sodium chloride and left undisturbed for one half hour. the 
end that time all bacteria will found floating. This floating 
film then collected with deflagration spoon wide mouthed 
bottle, and equal volume normal sodium hydrate added. 
This shaken well and left for digestion the incubator 37° 
for three hours, the meantime being shaken every half hour, 
neutralized sterile litmus paper with normal hydrochloric acid, 
centrifugalized, and the sediment inoculated into several test-tubes. 

The growth from the feces appears much more slowly than that 
from the sputum. takes average from two three weeks 
for the growth appear. all probability many the tubercle 
bacilli are dead weakened when passed with the feces. 

thirty-two specimens studied, nineteen were positive, six were 
contaminated, and seven were negative. Two the positive cul- 
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tures were inoculated into guinea pigs, both which developed 
tuberculosis. 
SUMMARY. 


Sixty-nine positive cultures were obtained from sixty-nine speci- 
mens sputum from practically all stages tuberculosis. Six 
these specimens were negative direct microscopic examination, 
but the cultures gave positive findings. These six specimens have 
been positive for tubercle bacilli some time. 

Nineteen positive cultures were isolated from thirty-two specimens 
feces. these thirty-two specimens, upon direct microscopical 
examination, gave positive findings, some showing only few tu- 
bercle bacilli. Six specimens were not free from contaminating 
organisms, and the remaining seven were negative. 

The method presented this paper has proved very simple and 
accurate for the isolation tubercle bacilli from sputum. The 
partial success isolating tubercle bacilli from feces may due 
the fact that many the bacilli may dead. 

wish thank Drs. Lawrason Brown and Heise for their 
interest and helpful suggestions. 


‘ 


THE FUNCTIONAL EFFECT EXPERIMENTAL IN- 
TRASPINAL INJECTIONS SERA WITH 
AND WITHOUT 


JOHN AUER, M.D. 


(From the Department Physiology and Pharmacology The Rockefeller 
Institute for Medical Research.) 


PLATES II. 


Although rigid test during the last six years the antimenin- 
gitis serum prepared The Rockefeller Institute has demonstrated 
its therapeutic efficiency,” yet the question may raised whether 
fraction the deaths which still occur during the process serum 
treatment could not attributed the serum itself. present this 
question must considered subsidiary interest, since the antimen- 
ingitis serum the only effective remedy which possess for this 
disease. However, obvious that every remedial agent should 
perfected far possible, that every conceivable source danger 
the patient from the remedy itself should carefully sought out 
and, possible, removed. few investigations this character 
regarding antimeningitis serum have already been made and the 
present paper attempt the same direction. 


The main sources danger the organism during the repeated intraspinal 
administration antimeningitis serum have been pointed out Flexner? and 
are theoretically the following: anaphylaxis; the liberation toxic products 
the rapid lysis meningococci; increased pressure the cerebrospinal 
system; and intoxication from the phenol compounds often used preserve 
the sera from accidental contamination. The last supposition the one which 
has received the most attention, least this country. This focus upon the 
possibility that poisoning phenol compounds explained number fatali- 
ties during serum administration meningitis due Dr. Kramer, who 
published series cases where death occurred after the administration 
tricresol antimeningitis Kramer attributes the fatal issue paralysis 


Received for publication, October 19, 1914. 

preliminary communication has been published (Auer, J., Jour. Am. Med. 
Assn., 1914, 1799). 

Flexner, S., Jour. Exper. Med., 1913, xvii, 553. 

Flexner, Jour. Am. Med. Assn., 1913, 1x, 

4Kramer, P., Jour. Am. Med. Assn., 1913, 1x, 1348; Lancet-Clinic, 1913, 
cix, 304, 357; cxi, 500. 


~ 
| 
| 
| 
- 
2 
\ 


Intraspinal Injections Sera. 


the respiration caused the tricresol preservative which reached the medul- 
lary centers through opening the conus medullaris connecting the spinal 
subdural space with the central canal the cord. support this hypothesis 
Kramer made few experiments dogs; injected tricresol solutions into 
the vertebral artery, the subdural space the posterior cranial fossa, and into 
the subdural space the lumbar region. His experiments with intravenous in- 
jections need not considered here, because are not dealing with the 
toxicity tricresol when given this way. The other two experiments, 
illustrated each blood pressure and respiration tracing, showed that c.c 
0.5 per cent. water solution tricresol injected the posterior 
fossa caused stoppage the respiration and fall blood pressure. Kramer 
states that artificial respiration was necessary for minutes before spontaneous 
respiration began. the next experiment c.c. antimeningitis serum con- 
taining tricresol were injected into the lumbar subdural space young dog. 
few seconds after the injection the respiration ceased but was restored 
partially two short periods artificial respiration. After this, artificial 
respiration was stopped and the animal died minutes later. 

The clinical experiences and experiments Jed Kramer the conclusion that 
0.5 per cent. tricresol serum cannot safely injected into the subarachnoid 
space. Kramer® suggests that tricresol replaced formalin-serum mixture 
and supports this experiment which showed that 
formalin-serum injected into vertebral artery dog produced but 
slight effects the respiration and blood pressure. must added that, 
according Kramer,® the vertebral artery delivers its contents directly the 
hind-brain without passing through the circle Willis. 

The next paper dealing with this subject who gives critical 
consideration the dangers which are referable the serum itself. points 
out that accidents have occurred after the employment antimeningitis serum 
which contains preservative all; that injection tricresol serum into 
the lateral ventricles the brain has caused fatalities, though the route which 
the tricresol serum could take the medulla surely direct one; Flexner 
suggests, since the doses employed the cases referred Kramer were 
generally maximal and were usually injected with syringe, that increased 
cerebral pressure was the cause respiratory failure these cases. 

The next investigation and experimental study the 
effect tricresol serum upon the blood pressure and respiration, when injected 
intraspinally dogs and cats. The dogs anesthetized mg. morphin 
per kilo body-weight given subcutaneously, and mg. ethyl carbamate 
and mg. chloral hydrate per kilo given per os. The cats received 
morphin, but only the solutions ethyl carbamate and chloral. Occasionally 
the anesthesia was aided ether. must remarked that the hypnotics used 
Hale are medullary depressants, and, addition, least two them, 
urethane and chloral, increase markedly the secretion cerebrospinal liquid 


Kramer, Lancet-Clinic, 1913, cix, 357. 

Kramer, Jour. Exper. Med., 1912, xv, 348. 

Flexner, Jour. Am, Med. Assn., 1913, 1x, 1937. 
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according Dixon and Halliburton.2 these two substances tend 
raise the intraspinal pressure. The blood pressure was recorded from the 
carotid artery mercury manometer; the respiration was registered 
variety ways, the final method being cannula the pleural cavity, con- 
nected with tambour. For the main experiments laminectomy was performed 

because the results obtained inserting the needle through the skin into the 

spinal dural sac were irregular. 

The tricresol serum solutions were prepared adding the requisite amount 
tricresol (0.3 per cent.) the antimeningitis serum about hour before 
the injection. Just before use the mixture was filtered and warmed and in- 
jected syringe. 

The results obtained Hale were briefly follows: Following the in- 
jection tricresol serum the respiration after preliminary stimulation slowed 
markedly, decreased depth, and stopped After fatal amount 
death was preceded permanent paralysis respiratory activity, though 
certain experiments showed respiratory gasps long the heart continued 
beat.11 The blood pressure often showed slight initial rise, but every in- 
stance later fell below normal, while the heart rate was not much changed. 
After toxic amount the blood pressure fell slowly zero subsequent the 
failure the 

The amount tricresol serum which caused death Hale found less 
than 0.5 per cent. tricresol solution per kilo body-weight. With 
0.3 per cent. solutions the fatal dose was somewhat larger”; with per cent. 

Hale that normal serum never produced symptoms aside from those 
ascribed increased cerebral pressure: the blood pressure always shows 
enormous rise which later rapidly falls zero the fatal cases; associated 
with this complete cessation respiration. After tricresol serum the 
respiration fails, but the “blood pressure always falls” and does not show the 
great rise obtained with serum alone. Moreover, serum containing tricresol was 

much more toxic than the same serum free from preservative. 

Hale that his experiments substantiate Kramer’s contention that 
tricresol dangerous preservative for sera which are brought directly 
into contact with the vital nervous centers, and that death may result either 
from increase intracranial tension from the presence tricresol 
the serum. The danger from tricresol, however, according Hale, 
much greater and more certain than that which may possibly arise from in- 
creased pressure.” 

The last paper this subject short communication Fitzpatrick, 
Atkinson, and These authors made series experiments dogs 

Dixon, and Halliburton, D., Jour. Physiol., 1913-14, xlvii, 238. 

Hale, loc. cit., 10. 

Hale, cit., 14. 

Hale, loc. cit., 14. 


Hale, loc. cit., 17. 
Hale, loc. cit., 18. 
Fitzpatrick, B., Atkinson, P., and Zingher, A., Proc. Soc. Exper. 

Biol. and Med., 1914, xi, 182. 
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injecting tricresol and chloroform sera intravenously, intra-arterially, and 
into the lumbar subdural space. Only the latter experiments need con- 
sidered here. The injections were made through the skin, and laminectomy 
was not performed. They observed marked disturbances the blood pres- 
sure normal dogs after moderate doses antimeningococcus sera contain- 
ing 0.3 per Similar results were obtained when physiological salt 
solution, “old” antimeningococcus serum, antimeningococcus serum with 0.3 
per cent. and 0.4 per cent. tricresol, normal horse serum, and various sera with 
chloroform were injected subdurally. They conclude that pressure appears 
factor real danger. 


The investigation reported the following pages was un- 
dertaken order study not only dogs, but also monkeys, 
effects which are produced when normal sera sera preserved 
0.3 per cent. tricresol, 0.3 per cent. chloroform, and 0.3 per cent. 
ether are injected into the lumbar subdural sac. The tricresol 
and chloroform sera were this strength because the majority 
the dog experiments and all the monkey experiments were carried 
out with the antimeningitis sera furnished the New York and 
Massachusetts Boards Health, and these sera the preservatives 
are present 0.3 per cent. strength. 

Because the opinions already expressed various authors 
concerning the action sera when injected intraspinally, the ex- 
periments made this investigation will given with some detail 
and they will illustrated curves which show the behavior 
animal during fifteen minute interval. 


EXPERIMENTS. 


Method.—All experiments were carried out dogs and monkeys (Macacus 
rhesus). Both species animals were kept under light ether anesthesia and 
the loss body heat was prevented reduced electric pad upon which 
the animal was stretched out. The method maintaining anesthesia well 
the preliminary operative interferences were, however, quite different the 
dog and the monkey, although was attempted make the conditions the 
experiments similar possible those which prevail when the human sub- 
ject receives intraspinal injection therapeutic serum. will seen 
from the following descriptions that only the monkey were the anatomical 
conditions such permit close approximation the procedure employed 
human therapeutics. 

The dog was always anesthetized means intratracheal insufflation, 
procedure which not only permits the maintenance quite constant level 
narcosis, but which also prevents any danger from the stoppage spon- 
taneous respiration. the monkey intratracheal insufflation was attempted 
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and the animal was etherized cautiously the ordinary cone-drop method. 
The latter animal, therefore, received varying amount ether per unit 
time due the method, and was subject asphyxia the respiration should 
become shallow fail. was only performed one series dogs 
where local applications were made the medulla. 

Another wide divergence procedure occurred the process injecting 
the alien serum subdurally. the dog the ordinary method employed the 
human being cannot used with safety and certainty because the spinal cord 
the dog, unlike that the monkey, extends practically into the sacrum. Ifa 
hypodermic needle introduced between the lumbar vertebral laminz, thus 
almost certain wound the spinal cord, and the damage would increased 
followed injection; the insertion the needle made the neighbor- 
hood the sacrum there little guarantee that the needle really the dural 
sac, for spinal fluid was obtained only exceptionally matter where the 
needle was introduced. These difficulties render exposure the spinal 
cord imperative even for moderately precise work this type the dog, and 
laminectomy was therefore always performed this animal. Hale also 
found laminectomy necessary the dog order secure uniform 

Under ether anesthesia two lumbar were removed, either the second 
and third the third and fourth. After exposure the dura the wound was 
carefully covered with fine layer dry cotton prevent oozing, and the 
cavity was filled with wad cotton saturated with vaselin. The injection was 
made means hypodermic needle bent at.right angles. After preliminary 
puncture the dural sac the needle was introduced and the dura gently lifted 
that the injected fluid should not injure the cord. After injection the needle 
was usually kept situ for some seconds, then withdrawn, and the puncture 
wound immediately covered firmly with the vaselin-soaked cotton plug, and this 
plug itself was kept applied means light weight. 

the monkey, however, such severe measures were necessary order 
give intraspinal injection with certainty; here sufficed introduce 
needle between the lamine the lumbar vertebre order tap 
the spinal dural sac. The appearance spinal fluid the cap the hypo- 
dermic needle served index the proper location the needle point. 
Under circumstances was injection ever given monkey before clear 
only slightly blood-stained spinal fluid had been obtained. Occasionally, how- 
ever, the amount spinal fluid available apparently was too small fill the 
hypodermic needle, which had lumen about 0.5 mm. Such diminution 
available spinal fluid seemed occur especially monkeys which had been 
injected some days previously, and was only exceptionally encountered un- 
used monkeys. Under these conditions sterile capillary glass tube was 
cautiously inserted into the needle; fluid was present rose once the 
tube and even formed drop the free end. need hardly stated that for 
this test the hypodermic needle must inserted dry. 

The site injection the monkey varied; usually the space just above the 
one the level the iliac crests was employed; fluid was obtained, 
the space above below the one mentioned was entered. Occasionally 
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happened that the first three attempts failed, but later trials space already 
tested yielded cerebrospinal fluid, times abundance. 

the majority the monkeys were reinjected after minutes 
when graphic records the blood pressure and respiration were taken, the 
hypodermic needle tapping the spinal dural sac was allowed remain situ 
the etherized monkey throughout the experiment. After cerebrospinal fluid had 
been undoubtedly obtained, the cone-shaped orifice the cap was stoppered 
with cork. Repeated intraspinal injections were thus rendered simple 
matter, and only slight loss fluid took place before the stopper could 
replaced. 

The injections were always given syringe and never the gravity 
method, order test the sera under conditions which obtain when intra- 
spinal injection given the average physician. may remarked that 
there seems general impression that the gravity method abolishes the 
danger increased intraspinal pressure. This not true unless the serum 
absorbed soon injected, condition which probably never fulfilled. The 
pressure under which serum enters the dural sac must therefore always 
greater the gravity system than the spinal dural sac, for otherwise 
serum would enter; consequence the intraspinal pressure must also rise when 
the rate infusion exceeds its rate absorption, and the degree this rise 
intraspinal pressure depends entirely upon the operator. 

The blood pressure was always recorded mercury manometer, the 
tubing being filled with half saturated solution sodium sulphate. the 
dog the left carotid artery was used, and the monkey femoral artery. 

The respiration was written both dogs and monkeys means 
Meltzer pleural cannula which was inserted the left pleural cavity and con- 
nected with Marey tambour. The negative pressure was often reéstablished 
after the pleural cannula was fixed place distending the lung and then 
closing the cock the cannula. Occasionally happened that the cannula 
was improperly placed that its became plugged; when this occurred 
partial even full unilateral pneumothorax was established order 
obtain graphic record. 

The following kinds horse serum were injected: 0.3 per cent. tricresol 
antimeningitis serum (no other strength was tested), 0.3 per cent. chloroform 
antimeningitis serum, and 0.3 per cent. ether horse serum. For the tricresol 
and chloroform antimeningitis sera under obligation the New York 
and Massachusetts Boards Health, which placed liberal quantities these 
sera disposal. The ether serum was prepared the addition ap- 
propriate amount ether the cold sterile horse serum tightly stoppered 
bottle which was then shaken and kept the ice-chest. Sterile horse serum 
without any preservative whatever Ringer solution was also injected con- 
trols. Practically none the sera employed were freshly prepared. All were 
usually least several weeks old before they were used for intraspinal injec- 
tion. few experiments, however, the dog were made with normal horse 
serum which 0.3 per cent. tricresol had been added, and this serum was used 
after few days. these experiments more severe effects the blood pressure 
and respiration were obtained than with 0.3 per cent. tricresol antimeningitis 
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serum. only few experiments were made with this serum, can merely 
suggested that fresh tricresol sera perhaps exert stronger effects upon the medul- 
lary centers than older solutions. 

The usual amount injected each time was c.c. the dog and c.c. the 
monkey. the dog certain leakage always occurred after the second in- 
jection through the puncture made the dural sac the hypodermic needle. 
This leakage was reduced immediately covering the puncture and exposed 
dura with vaselin-cotton plug. the monkey slight subcutaneous leakage 
from the dural sac was observed only once. 

The dose injected per kilo animal ranged from c.c. for both dogs 
and monkeys. must observed that this method calculating the amount 
serum injected intraspinally not good one, for the size the dural sac 
means increases the same ratio the weight the dog. thus two 
grown dogs and kilos’ weight received each c.c. serum intraspinally, 
the statement that one received c.c. per kilo and the other 2.5 c.c. per kilo 
likely cause wrong impression, unless the weight the dog noted. 

order study the effects various substances when applied directly 
the medulla without pressure, number dogs were prepared exposing the 
medulla, the blood pressure and respiration being recorded usual. The 
animals were placed the abdomen with the head sharply flexed ventrally, and 
the medulla was exposed this position carefully cutting window the 
occipito-atlantoid membrane. Removal this window allows, rule, 
small amount cerebrospinal liquid escape, and the floor the fourth 
ventricle then easily seen. Occasionally the excision the membrane caused 
hemorrhage wounding vein; when this occurred the animal was rejected 
because the red corpuscles gradually settled and formed layer over the surface 
the fourth ventricle which delayed absorption. The animals were kept under 
ether means intratracheal insufflation, but the tracheal catheter was inserted 
through tracheotomy wound the neck avoid overdistension 
the lungs which could caused compression the trachea due the 
extreme anteflexion the head. experiments this type were made 
the monkey. 

aseptic precautions were taken when operating the dog, for they 
were always killed painlessly before removal from the operating table allow- 
ing quantity ether enter the trachea. the monkey, however, full 
strength tincture iodine was used disinfect the skin before operating. 
After completion the experiment the wounds were lightly wiped with the 
tincture and sutured with cotton ligatures which had been soaked tincture 
iodine. bandages any kind were used, and the wounds were never 
sealed with collodion. The results were excellent and suppuration was never 
seen. Most the monkeys were used least twice. 

one series three monkeys the effect intraspinal injections was studied 
inspection only. The animals were held hand and stretched over the 
knee assistant; the hair over the lumbar spinal region was clipped, the 
area painted with tincture iodine, and then the intraspinal injection was given 
after first obtaining cerebrospinal liquid. This method injection unsatis- 
factory because interferes considerably with respiration, especially the 
animal struggles. 
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From the preceding description the procedures employed 
study the effects obtained when various liquids are injected into the 
spinal canal, will readily seen that the conditions obtaining 
the monkey experiments approximate much more closely the condi- 
tions under which intraspinal injections are given the human 
being, than the experiments made dogs. latter animal 
unfortunately demands severe operation the spinal column be- 
fore injections can given with any certainty. The results ob- 
tained from the monkey are, therefore, priori entitled more 
weight than those obtained the dog, and this inference strength- 
ened when observed that both man and the monkey seem react 
general quite similarly intraspinal injections sera. 


RESULTS. 


general may said that intraspinal injections sera with 
and without preservatives (0.3 per cent. tricresol, 0.3 per cent. 
chloroform, 0.3 per cent. ether) produce qualitatively the same effect 
upon the medullary centers the monkey and the dog. The effects 
differ, however, quantitatively with the preservative employed, with 
the dosage, and with the species animal used, the monkey being 
strikingly more resistant than the dog. Broadly stated, the respira- 
tion first increased both amplitude and rate for short period 
time; then, particularly the dog, the amplitude decreases and 
the rate slows and the respiration may even stop for shorter 
longer period time. The blood pressure shows initial rise 
followed gradual drop varying degree. This drop usually 
associated with marked slowing the pulse rate the dog. The 
normal level again reached after some minutes. 

the following pages fairly detailed description the func- 
tional disturbances caused the intraspinal injection the liquids 
mentioned will given, illustrated specimen curves the respira- 
tion and blood pressure, especially those which have been obtained 
from the monkey. order that these tracings may com- 
plete and comprehensive possible, most them will show fifteen 
minute portion experiment. 


EXPERIMENTS MONKEYS. 


Tricresol per cent. tricresol antimeningitis serum obtained from 
the New York Board Health was used. Eight monkeys were used; four 
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the intrapleural pressure (respiration) and blood pressure were recorded; three 
these four were used twice successive days. The remaining three monkeys 
were held hand, injected intraspinally with serum, and then liberated and 
observed. These injections were repeated number times the same day 
and succeeding days. The monkeys, rule, received c.c. the serum 
per injection, but occasionally c.c. were given. 

The first three monkeys, which varied weight from 2,065 2,560 gm., 
were studied inspection only, the animals being held across the knee 
assistant during injection. ether was administered. After each injection 
they were released but kept under control means cord attached the 
animal’s belt. The injections serum were given intraspinally rather long 
intervals, varying between and minutes, general. The animals were also 
reinjected succeeding days. developed that the injections usually pro- 
duced only moderate temporary disturbance characterized chiefly muscular 
weakness, that the animal usually was content remain quietly one place; 
associated with this was initial slowing and deepening the respiration 
followed more rapid and shallower respiration. None the animals 
died, but all were excellent condition more than one month after the last 
injection. The amounts serum injected one day were follows: 

Monkey was male, weighing 2,560 gm. Mar. received three times 
and once c.c. tricresol serum. The next day received one injection 
The next day (Apr. two doses c.c. each were injected. Two 
days later three injections c.c each were given, and days after this two 
doses each. The total amount injected was c.c. twelve doses. 

Monkey was female, weighing 2,400 gm. Mar. received two 
intraspinal injections c.c. each; the next day one dose c.c.; days later 
(Apr. two doses c.c. each; and three days later (Apr. two final injec- 
tions each. The total amount was c.c. given seven injections. 

Monkey male, weighing 2,065 gm., received Apr. two intraspinal 
injections serum, each. Two days later the same dose was repeated 
for the last time. This animal received only four injections. 

During these twenty-three injections serum collapse was observed 
number times under two apparently different conditions: (a) after recovery 
from preceding injections, the repeated insertion the hypodermic needle, 
without injection serum, caused collapse varying degree four times; and 
(b) after the repeated injection tricresol serum moderate collapse occurred 
twice. These effects were observed only monkeys and 

The third monkey exhibited definite collapse any time while its spinal 
dural sac was tapped after receiving the injection tricresol serum. 

impossible state what part, any, the tricresol serum played pro- 
ducing this sensitiveness the introduction needle into the spinal sub- 
dural space, for other experiments this type with other sera were carried 
out. possible that asphyxia was contributory factor, for the monkeys 
which showed collapse always struggled vigorously when the needle was intro- 
duced; consequence they had held firmly pressed over the knee the 
assistant, and this interferes considerably with respiration. 

the next series five monkeys (4, the 0.3 per cent. tricresol 
serum was injected more rapidly and regularly than the preceding series, and 
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the animals were all etherized the cone method. The interval between in- 
jections was either minutes; the later experiments was usually 
minutes. intratracheal insufflation other artificial respiration was 
used routine measure any the monkey experiments. all these 
experiments except monkey the blood pressure and respiration were recorded 
smoked drum. The quantities serum injected were large. Monkey 
female, weighing 3,455 gm., received c.c. the first day and the next 
day; was killed later excellent condition. Monkey male, weighing 
2,926 gm., received c.c., and the next day tolerated without difficulty c.c. 
serum and c.c. Ringer solution. This animal was also killed later 
excellent condition. Monkey female, weighing 2,865 gm., received intra- 
spinally c.c. tricresol serum without any alarming effects. The next day 
was good condition, but died four days later from dysentery which had 
contracted before the experiment. Monkey female, weighing 2,850 gm., 
was fully anesthetized with ether and then injected with tricresol serum without 
recording its blood pressure respiration. This animal received intraspinally 
four doses serum c.c. each minute intervals without any marked 
effect the respiration beyond the initial deepening and slowing the respi- 
ration usually observed during injection. Thirty minutes after being placed 
cage was lively. The next day the same animal was again etherized and 
received c.c. 0.3 per cent. chloroform antimeningitis serum intraspinally 
c.c. doses with marked effects. Nine days later the same animal again 
received c.c. 0.3 per cent. chloroform serum while under ether without any 
evil effects. Three weeks later the same animal seemed perfectly normal. 

Monkey female, weighing 3,225 gm., succumbed after receiving only 
c.c. tricresol serum. This was the only death which occurred the tricresol 
monkey series and its causes will considered later (p. 54). 

The effect which 0.3 per cent. tricresol antimeningitis serum exerts upon the 
blood pressure and respiration monkeys can best shown illustrative 
tracings (figures These three sets curves show each period 
about minutes, and were all obtained from the same animal, monkey 
Figure shows the effect the first injection upon the blood pressure and 
respiration: the former shows strong initial temporary rise during the intra- 
spinal injection which promptly followed drop the mm. level within 
minutes after the injection. The normal level about 100 was reattained 
about minutes later. The heart beats were moderately slowed during the 
stage lowered pressure. The respiration was first increased both rate and 
amplitude, and then the rate slowed moderately. Figure shows tracing from 
the same animal after had already received c.c. 0.3 per cent. tricresol 
serum. The next c.c. the serum, c.c. all, now produced but slight 
effects the blood pressure and respiration: the blood pressure fell mm. 
after the injection and recovered its original level swiftly. The heart beat was 
again moderately slowed. Ten minutes after this last injection, when c.c. 
the serum, more than c.c. per kilo body-weight, had been incorporated, the 
animal was perfectly normal far blood pressure and respiration were 
concerned. The thoracic cannula was then removed and the wound sutured, 
leaving one-sided pneumothorax. The right femoral artery was ligated and 
the incision the groin sutured. Within hours the monkey was moving 
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about actively its cage. The next day the same animal, excellent condition, 
was again etherized and prepared for experiment. The respiration was recorded 
through the same wound the left chest the day before; the blood 
pressure was registered from the left femoral artery. Now the animal re- 
ceived five injections c.c. tricresol antimeningitis serum minute 
intervals with only slight effects the blood pressure and respiration. The 
sixth injection c.c. caused slow marked fall blood pressure from 100 
mm., but full recovery (98 mm.) took place within minutes after the in- 
jection, although this last injection was given much more rapidly than the 
preceding ones. The seventh dose consisted c.c. serum injected more 
rapidly than the doses c.c. The blood pressure dropped promptly from 
mm., but again showed swift recovery within minutes. The 
respiration showed moderate temporary decrease amplitude and increase 
rate. Figure depicts this seventh injection, the animal having tolerated 
far tricresol serum. The eighth injection also consisted c.c. 
given within seconds; the respiration slowed moderately first, then ac- 
celerated markedly (from the normal rate 100) with moderate 
diminution amplitude; never caused any apprehension. The blood pressure, 
however, dropped promptly after short initial rise from mm.; re- 
covery began after about minutes and was then accelerated needlessly the 
intraspinal injection adrenalin. This injection drove the blood 
pressure 200 mm. within 1.5 minutes after the injection. Ten minutes later 
the respiration was per minute, good and the blood pressure re- 
corded 150 mm. The animal was excellent condition and was now anesthe- 
tized death. This animal had, therefore, received all 0.3 per 
cent. tricresol antimeningitis serum, c.c., exclude the last dose be- 
cause the recovery was hastened adrenalin. This latter amount represents 
the enormous dose serum per kilo body-weight, dose which was 
borne with perfect safety. must remembered that the same animal received 
the day before c.c. tricresol serum (5.2 c.c. per kilo) and had left-sided 
pneumothorax when used for the second time. 

This remarkable tolerance was not isolated instance, but was also ex- 
hibited monkey the tricresol series, male, weighing 2,926 gm. was 
treated exactly like monkey the first day serum were injected 
c.c. doses minute intervals with effects similar those observed 
figure the end the experiment when c.c. serum per kilo body- 
weight had been introduced, the animal was excellent condition. The opera- 
tion wounds the chest and right groin were wiped usual with tincture 
iodine and then sutured with cotton ligatures soaked tincture iodine. This 
animal, result the method, also had left-sided pneumothorax; never- 
theless, within one hour after being placed the cage was active and 
excellent condition. 

The next day this monkey, excellent condition, was utilized for another 
experiment the same type. The pleural cannula was inserted through the 
same opening the left chest which had served the day before; the blood 
pressure was recorded from the left femoral artery. The monkey then re- 
ceived intraspinally six times, minute intervals, c.c. the serum. The 
effect the blood pressure was even less than the day before the drop, not 
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exceeding mm., and the normal level was always reattained within minutes. 
The respiration showed the usual alterations rate and amplitude already 
described. During each injection, however, the animal showed convulsive 
general movements and gasping respirations with stoppages active expiration, 
which ceased soon the injection was completed. There was also slight 
general tremor which lasted less than minute after the injection. After the 
sixth serum injection the animal was very good condition, and cc. 
Ringer solution were injected intraspinally rapidly possible. 
convulsion set once associated with slow, gasping respirations. These 
symptoms, however, swiftly grew less and after minutes the monkey was 
well before. was then killed ether. The animal had therefore re- 
ceived with safety c.c. per kilo body-weight 0.3 per cent. tricresol anti- 
meningitis serum intraspinally one day and the same serum per kilo 
the next day. 

monkey this series the injections tricresol antimeningitis serum 
were given minute instead minute intervals, other animals, 
order make the test still more severe. This was female animal, weigh- 
ing 2,865 gm. was prepared for the registration respiration and blood 
pressure the other monkeys. c.c. the serum were injected eight times 
intraspinally this animal short intervals without producing anything but 
temporary disturbance the respiration and blood pressure during and shortly 
after the injection. Figure shows the slight effects produced the seventh 
and eighth intraspinal injections each. addition the enormous 
dose per kilo animal, which was tolerated without danger, 
0.3 per cent. chloroform antimeningitis serum and c.c. sterile horse serum 
without any preservative were given intraspinally without causing any dangerous 
symptoms. The animal was excellent condition the end the experiment, 
which had lasted about one hour and half, the time consumed the operative 
preparations not included. The wounds the chest and groin were now 
sutured, and the animal was returned its cage. Two hours later was 
good condition and the next day (May moved about and ate. May 11, 
days after the experiment, looked sick and fluid feces mixed with blood 
were found the cage. the afternoon the same day the animal died. 
showed that the animal had colitis, for its gut from the cecum 
the rectum showed petechial hemorrhages the mucosa with occasional 
erosions; the small gut was clear. pus excess fluid was found the 
chest; the wound the chest wall was entirely closed plate fibrin. This 
animal was taken from group number which died from dysentery; its 
death, however, from dysentery may have been aided the effect the 
operation. 

monkey this series number technical difficulties were encountered. 
This animal was female, weighing 3,225 gm., and was apparently heat. 
was readily etherized that too much ether was given (cone method) and 
respiratory recovery was slow and not complete. The placement the pleural 
cannula was faulty that registration only became possible after establishing 
full left-sided pneumothorax. addition these mishaps difficulty was en- 
countered obtaining spinal fluid. The hypodermic needle was inserted five 
times three lumbar spaces before undoubted spinal fluid 
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Although the animal was poor condition before any injection was given, 
nevertheless tolerated two injections tricresol serum c.c. each without 
any difficulty; the respiration remained fairly satisfactory and the blood pressure, 
after dropping from mm. after the first injection, and from 
mm. after the second dose, both times regained its normal level (90 mm.) 
within about minutes after the injection. The third dose, however, produced 
during its injection respiratory stoppage active expiration lasting about 
seconds, followed series convulsive, deep respirations with active expira- 
tion; subsequent this the respirations were inspiratory jerks short dura- 
tion followed pauses passive expiration. These respiratory attempts were 
about the minute, while the normal respirations had numbered 70. The 
blood pressure had risen moderately during the injection and then dropped 
slowly the mm. level minutes, the respiratory jerks that time num- 
bering per minute. The heart rate had slowed once after the injection, 
and minutes later was 155, while the normal rate before injection was 220 
per minute. While the heart was still beating regularly, the respiration sud- 
denly ceased entirely and the blood pressure continued fall. Pharyngeal in- 
sufflation was begun but did not resuscitate the animal. Unfortunately 
attempt was made withdraw some the spinal fluid order decrease 
spinal pressure. Had this been done seems probable that the animal would 
have survived. Evidence for this statement will given later (figure 8). 
Monkey was the only one the entire series eight which succumbed the 
intraspinal injection tricresol serum. 

Chloroform experiments two normal monkeys were carried 
out with 0.3 per cent. chloroform antimeningitis serum obtained from Dr. Theo- 
bald Smith. The chloroform serum was not warmed before injection. The 
monkeys were prepared usual for recording the blood pressure and respiration. 

Monkey was male, weighing 2,045 gm., and received minute inter- 
vals four doses c.c. each intraspinally. The effect the blood pressure 
was slight; after short initial rise not exceeding mm. the pressure declined 
slightly, not more than mm., and within minutes the pressure was 
practically the same level before injection. The respiration slowed slightly 
after the injections. Then two doses c.c. each tricresol serum were 
injected minute intervals, which also did not affect the blood pressure and 
respiration any extent. must mentioned that this experiment the 
skin above the site injection showed slight non-hemorrhagic, boggy in- 
filtration, some the injected serum had escaped from the subdural space. 
This animal was killed ether immediately after the experiment. 

Monkey the chloroform series was male, weighing 2,835 gm., and was 
prepared usual for graphic registration. The animal received five injections 
c.c. each intraspinally minute intervals, except the last two which 
followed after minutes. The effect the blood pressure was negligible 
except perhaps after the third dose when the blood pressure slowly sank mm., 
but recovered its normal level mm. within minutes. Two injections 
each tricresol serum were given intraspinally minute intervals. 
These two injections hardly affected the respiration; the blood pressure sank 
less than mm., and the normal level was reached minutes later. Seven 
minutes after the last injection tricresol serum the respiration was 55, the 
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blood pressure 90. The wounds were now sutured and the monkey placed its 
cage. Five hours afterwards the animal ate. 

the next day the same animal, excellent condition, was again ether- 
ized and prepared for registration. The experiment lasted over hours and 
during this time the animal received minute intervals (except the second 
which followed the first injection after minutes) c.c. chloroform serum, 
c.c. tricresol serum, and c.c. Ringer solution. After this large dose 
the monkey was good condition, its blood pressure was mm., its respiration 
65, and its heart beats numbered 180 the minute. order certain that 
the injections had really been subdural, c.c. warm gelatin solution colored 
with methylene blue were injected through the needle tapping the subdural 
space (the needle had remained situ throughout the experiment). After this 
injection the animal was killed excess ether. Autopsy showed, con- 
trary expectation, that the dural spinal sac was not distended with fluid. 
After slitting the dura and exposing the brain, the sensory and motor nerve 
roots were found deep blue; the surface the cerebellum and cerebrum 
showed lighter blue. blue color was observed the lateral ventricles 
the fourth ventricle, though these areas were left exposed the air for some 
hours. There can, therefore, doubt that the large quantity liquid 
injected during the experiment had all entered the spinal subdural space. 

The effects produced series injections chloroform serum monkey 
used for the second time were similar those already recorded; there was 
practically effect the respiration, the amplitude diminished very slightly 
for some minutes after the injection with occasionally slight slowing the 
rate; the blood pressure showed moderate, gradual drop which only once 
exceeded mm. (figure 5), and the level before injection was always attained 
within minutes after the injection. Figure illustrates this clearly: these 
two curves were obtained after the animal had already received 
chloroform serum and c.c. tricresol serum. Figure obtained from the 
same animal after had received c.c. chloroform serum and 
tricresol serum, shows clearly the difference between the effects tricresol and 
chloroform antimeningitis serum, although the drop blood pressure with the 
chloroform serum greater than that usually observed. The chloroform serum 
caused drop mm. the blood pressure followed prompt steady 
recovery its former level; the tricresol serum brought profound drop 
mm. followed slightly slower recovery. The respiration after the chloro- 
form serum was only slightly affected, and that the direction slowing, 
with only slight change the amplitude; after the tricresol serum the respira- 
tion showed definite temporary decrease its amplitude with increased 
rate which tended persist for some time. 

These experiments monkey weighing less than three kilos, demonstrate 
strikingly what large doses serum with chloroform and tricresol preserva- 
tives can tolerated intraspinally without danger: one day the monkey 

received chloroform serum and c.c. tricresol serum; the next 
day the same animal readily tolerated c.c. chloroform serum, c.c. 
tricresol serum, and c.c. Ringer solution (figures and 6). 

Ether Series—Two experiments were made two monkeys with 0.3 per cent. 
ether horse serum. 
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Monkey was male, weighing 2,965 gm., and was prepared usual for 
recording. received c.c. ether serum c.c. doses minute intervals. 
The injections not only caused fall blood pressure, but the initial rise 
blood pressure which follows all intraspinal injections the monkey was main- 
tained for some minutes more less, and then the pressure reached practically 
the same level before the injection. The respiration this animal exhibited 
rhythmical fluctuations amplitude, but marked changes rate. must 
stated that this animal received too much ether during the operative procedures, 
and its general condition was not satisfactory when the injections were begun. 
Moreover, full pneumothorax had established the left side order 
obtain records the respiration. Nevertheless the monkey was good con- 
dition after had received more than per kilo ether serum the end 
the experiment. After suturing the wounds the left pleura and groin the 
monkey was placed cage, and within one hour moved about actively. 
Recovery was complete, and days later weighed 200 gm. more than the 
day experiment. 

Monkey this series was male, weighing 3,575 gm., and was prepared 
usual for records. received six injections c.c. each ether serum 
minute intervals, dose more than c.c. per kilo body-weight. The 
blood pressure, monkey showed fall, but the same tendency 
maintain for some time the initial rise pressure caused once the in- 
jection. Several minutes after the injection the pressure usually reached the 
original level before injection and did not fall below it. marked alterations 
occurred the respiration either rate amplitude, except that the respira- 
tion became somewhat deeper after c.c. had been injected. The curves 
figure show the effects described; they were obtained after the monkey had 
already received c.c. ether serum. 

While suturing the pleural wound, leaving full left pneumothorax, the 
respirations became shallow, gasping, and the face grew gray. The ether was 
discontinued once and the suture the chest hastily completed. Although 
the respiration improved little, was considered best give pharyngeal in- 
for few minutes. The color the tongue swiftly became pink, 
and the spontaneous respirations grew deeper and more frequent. After 
minutes the pharyngeal insufflation was discontinued and the animal now 
breathed well spontaneously. was placed cage and hours later moved 
about quite actively. days later appeared good general condition, 
although the skin wounds had opened. Twenty-five days after the operation 
was found dead. Autopsy showed right-sided pneumonia. There was 
pus the left chest where the pleural cannula had been inserted, but the left 
lung was largely atelectatic. The cord seemed normal; there were adhesions 
signs inflammation. hardly necessary state that this death cannot 
attributed the intraspinal injections. 

Sterile Horse Serum these experiments sterile horse serum 
without any preservative was employed. The serum was several months old. 
Two experiments were made days one monkey. This animal was 
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male, weighing 3,205 gm. After the usual preparation c.c. sterile horse 
serum and tricresol serum were injected intraspinally c.c. doses 
minute intervals. The sterile horse serum caused hardly any alteration 
the blood pressure respiration, beyond the ordinary initial effect during 
and slightly after the injection. The injection c.c. tricresol serum, how- 
ever, caused prompt drop about mm. mercury, but recovery was 
practically complete after minutes. The respiration this time was slowed 
the tricresol serum from per minute. Twelve minutes after this 
last injection the animal was satisfactory condition: the blood pressure was 
mm., the heart rate 180, and the respirations were per minute. Suture 
the wounds was completed without any mishap, and the animal was removed 
its cage where sat once. During the next days was excellent 
condition, and the third day was again prepared for experiment. Four 
injections c.c. each sterile horse serum were injected intraspinally 
minute intervals without practically affecting the blood pressure and respira- 
tion. The fifth injection was c.c. tricresol serum given minutes later. 
The blood pressure dropped promptly from mm., the pulse rate remain- 
ing 225 230, while the respiration slowed from 100 per minute, the 
amplitude remaining the same. After minutes full recovery the original 
blood pressure, pulse rate, and respiratory rate had occurred. c.c. sterile 
horse serum without any preservative were injected with the usual absence 
any effect the blood pressure and respiration. Twelve minutes after this 
injection another dose c.c. tricresol serum were injected intraspinally: 
the blood pressure rose slightly (10 mm.) and then dropped within minutes 
the mm. level; the respiration after the initial quickening slowed 
per minute (original rate 95) and was feeble; occasionally deeper gasps oc- 
curred. this condition did not improve, pharyngeal insufflation was begun 
minutes after the injection, and short time later the spinal fluid was allowed 
escape removing the cork the needle cap. The blood pressure gradually 
improved and the respiration became stronger. Ten minutes after the beginning 
pharyngeal insufflation was discontinued; spontaneous respiration was now 
excellent depth and numbered the minute; the blood pressure was 
mm, this time; minutes later reached mm., and the respirations were 
per minute. Now sterile horse serum without any preservative were 
injected intraspinally; the blood pressure rose mm. and remained that 
level; the respiration was not altered rate, but the amplitude became very 
slightly less. Five minutes later c.c. 0.3 per cent. tricresol serum were in- 
jected with the same result the other tricresol serum injection: the blood 
pressure showed the usual initial rise and then dropped slowly within the next 
minutes the mm. level; the pulse rate sank from 230 185 and then 
(cardiac block), the respiration after short quickening slowed from 
per minute per minute, and was gasping character. The intraspinal 
pressure was reduced removing the cork the hypodermic needle and clear 
fluid began drip away rapidly. artificial respiration any kind was given. 
about seconds the blood pressure began rise, the respirations became 
quicker, and minutes later were per minute, while the blood pressure was 
mm. and the heart rate 235. Six minutes after this, minutes after the 
tricresol serum injection, the blood pressure was mm., the heart rate 245, and 
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the respirations 55. The animal was now good condition and was later 
anesthetized death. regretted that attempt was made suture the 
animal order permit survive. Figure reproduces the striking and 
instructive picture which the animal furnished during the last injection with 
tricresol serum. 


EXPERIMENTS DOGS. 


The experimental results which were obtained the dog when 
this animal was injected intraspinally with plain serum with 
serum containing preservatives were markedly different from those 
observed the monkey. The dog, under the experimental condi- 
tions previously described, was much more sensitive the injections 
than the monkey. 

all the dogs except the medulla series laminectomy was per- 
formed and the respiration and blood pressure recorded. Before 
describing the results obtained the dog must again stated that 
all the dogs the various series were anesthetized means intra- 
tracheal insufflation; and will remembered that this method 
the same time furnishes efficient artificial respiration. this 
method which explains the discrepancy between the results 
recorded and those obtained, for example, 


Tricresol dogs were used for the intraspinal injection 0.3 per 
cent. tricresol serum, and their weights ranged between 4,250 and 6,600 gm. 
The doses injected varied between and per animal, except 
one instance, dog where more than c.c. per kilo were given. Only one dog, 
No. succumbed after injection, and this animal which had already tolerated 
c.c. per kilo probably also would have survived the final injection c.c. 
had not been given while the animal was breathing spontaneously; moreover, 
was not begun the attempt resuscitate the animal until respira- 
tion had ceased for minutes and was only continued for few minutes. 
the conclusion the experiments all the dogs were breathing spontaneously 
when insufflation was stopped and the blood pressure the six varied 
between and 138 mm. mercury, the heart rate between 135 and 200, and 
the spontaneous respiration between and per minute. 

The first injection tricresol serum caused all animals deep drop 
blood pressure which began usually before the injection was finished; this drop 
was occasionally preceded short slight rise. The level reached during this 
drop was often mm., and was always associated with marked slowing 


Hale, loc. cit. 

These doses are not absolutely correct, because dogs certain variable 
leakage always occurred after several injections had been given intraspinally. 

dog the blood pressure was mm., the spontaneous respirations 
10, and the heart rate 140 per minute, before the final injection was given. 
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the pulse rate and increased amplitude the pulse beat, unless the vagi had 
been cut atropin had been given. The pressure and heart rate gradually in- 
creased after the injection and within minutes the former level was usually 
reattained. The respiration was quickened and deepened during injection, 
then rapidly slowed and usually stopped expiratory position for length 
time which varied between fraction minute and when 
recovery quickly set in. Figure illustrates exceptionally severe effects both 
upon the blood pressure and respiration after first injection; also shows well 
how complete the recovery may after comparatively few minutes. This dog 
showed drop blood pressure from mm. after 0.3 per cent. 
tricresol serum, the heart rate fell from 135 per minute, and the respira- 
tion was entirely abolished for about minutes. Recovery was prompt, and 
minutes after the injection the blood pressure, heart rate, and spontaneous 
respirations were identical with those obtained before the injection. 

Subsequent injections tricresol serum dogs did not often cause more 
severe blood pressure depression than the first, but recovery times became 
slower when per kilo animal were exceeded. similar effect was 
observed with the respiration. After c.c. and more per kilo had been in- 
jected, the spontaneous respirations times reappeared more slowly and were 
slow and deep with inspiratory stoppages, the rate being per minute; the 
blood pressure this stage, however, was never lower than mm. When the 
amount did not exceed per kilo, the spontaneous respirations after recovery 
ranged between and per minute the end experiment, and the 
blood pressure varied between and 100 mm. 

Figure shows the respiratory slowing brought large doses 
per cent. tricresol serum. This dog, No. had received c.c. the serum 
before the injection which the curve illustrates. The next c.c. the serum, 
which brought the total amount about per kilo, produced only 
moderate fall blood pressure (from mm.) spite powerful 
slowing the pulse rate (from 140 65) due stimulation the vagus 
center. After about minutes the effects this vagus center stimulation had 
largely disappeared, the blood pressure recorded 140 mm., and the heart rate 
was 105. The respiration which was slow before this last injéction (15 per 
minute) was slightly stimulated first the and then stopped 
for less than minutes, when group respirations with long inspiratory 
stoppages appeared; minutes later spontaneous respirations were about 
the minute. This slowing the respiration was not always permanent; this 
same animal, for example, the next two injections tricresol serum were fol- 
lowed much more prompt and complete respiratory recovery than figure 
illustrates. 

The readiness and completeness with which dog may recover from severe 
effect tricresol serum the blood pressure and respiration well shown 
dog This animal was female, weighing 4,250 gm., and almost died from 
asphyxia after the first injection c.c. 0.3 per cent. tricresol serum, because 
plugged tracheal tube had been employed through error. Nevertheless, 


stimulating effect was much more pronounced 
jections tricresol serum the same dog. 
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after the insertion new tracheal tube another injection c.c. tricresol 
serum was given minutes after the first one, time when complete 
recovery from the asphyxia had not yet set in. During the injection the pressure 
sank gradually and the heart slowed; this slowing rapidly increased, that 
less than seconds after the end the injection heart beats were visible 
the curve and the blood pressure fell about mm. The respiration was 
entirely abolished the injection. Ether was now discontinued, but insuffla- 
tion was kept and the foot the board elevated; the air pressure the 
tracheal system was also slightly increased. The heart beats reappeared less 
than two minutes after the injection and the blood pressure began rise 
slowly. spontaneous respirations were observed, however, until minutes 
had elapsed; the blood pressure this time was mm. This dog received two 
more spinal injections minute intervals, and minutes after the last 
injection, about minutes after the time when heart beats were visible 
the curve, the blood pressure was mm., the heart rate 140, and spon- 
taneous respirations were 35. 

Chloroform Series—Four dogs were used this series; their weights were 
9,000, 4,200, 4,250, and 8,000 gm., respectively. The serum injected was 0.3 per 
cent. chloroform serum obtained from the Massachusetts Board Health, and 
the quantity used varied from c.c. usual, the dose was c.c. for 
each injection. None the dogs succumbed the injection. 

The effects the blood pressure and were definitely less severe 
after most the injections than that exerted tricresol serum. Nevertheless, 
each dog except No. profound drop blood pressure occurred, which 
one instance reached mm. (from 123 mm.) minutes after the injec- 
tion. These profound blood pressure drops usually were only observed 
result the first injection; the succeeding injections caused only moderate 
depressions. Recovery resulted most instances within minutes; the 
example mentioned above, where the blood pressure fell mm., recovery began 
once after the low level was reached, and minutes later was mm. 

The respiration showed the same type effect noted the tricresol series. 
After the initial increase rate and amplitude during the injection, the respira- 
tion slowed and stopped for period time ranging from few seconds 
several minutes, the length the stoppages increasing times with the 
number injections. only one dog, No. did the animal fail reéstablish 
efficient spontaneous respiration. This animal weighed about half much 
the other dogs this series, 4,200 gm., and received all c.c. chloro- 
form serum. The first injection the serum gave profound drop blood 
pressure, described above, and stopped the respiration for minutes. The 
next three injections c.c. each stopped the respiration for not longer than 
minutes. The fifth injection was given while the animal 
spontaneously and insufflation was only begun after the respiration had stopped 
entirely for 1.5 minutes and when the blood pressure was mm. Fifteen 
minutes after this last injection, although the blood pressure and respiration 
had not yet fully recovered, sixth injection was administered. The blood 
pressure dropped from mm., and the respiration ceased entirely and 
did not return during the next hour. The blood pressure was raised 
number adrenalin injections, but spontaneous respiration did not reappear. 
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The other three dogs showed the end experiment blood pressure 
which varied from 142 mm., pulse beats from 130 230, and spontaneous 
respirations good amplitude from per minute. 

Ether group consisted four experiments. The dogs weighed 
8,750, 9,200, 8,500, and 5,850 gm., respectively, and all received from c.c. 
horse serum which 0.3 0.4 per cent. ether volume had been added. 
The serum was not warmed before injection. None the dogs succumbed. 

The effect the blood pressure and respiration was much less 
than that exerted either the chloroform tricresol serum. The drop 
blood pressure was slight moderate, usually associated with slowing the 
pulse rate (vagus pulses) unless the vagi were cut; recovery was very swift 
and normal level was reattained after minute two. many instances 
the drop blood pressure spite strong slowing was quite slight. The 
respiration was also only slightly affected after the large majority the 
injections, and the respiratory stoppages when they occurred did not last longer 
than fraction minute. 

serious effect was obtained only once and this occurred dog female 
8750 gm. Both vagi were cut this animal before any injections were 
given, and the respirations were consequence slower than normal. The first 
two injections cc. each 0.3 per cent. ether serum, separated from each 
other minute interval, caused practically effect the respiration 
blood pressure. Now the. intratracheal insufflation was discontinued and the 
animal was allowed breathe spontaneously through the tracheal catheter. 
Then the third injection was given intraspinally. The respiration first slowed 
strongly and then stopped entirely before the injection was finished. The blood 
pressure after initial rise dropped abruptly from 128 mm. within 
seconds after the end the injection. Before this low level was quite reached, 
spontaneous respiration began again after stoppage expiration about 
seconds; both the respiration and blood pressure rapidly became better, but after 
minutes the respiration again slowed and now showed 
stoppages. this point intratracheal was reéstablished and ether 
was discontinued. After minutes conditions were worse, the blood pressure 
was lower, and the respirations slower. adrenalin c.c. Ringer 
solution was injected The blood pressure and respirations im- 
proved once, and minutes later the blood pressure registered 108 mm., the 
pulse beats were 265, and the respirations were 25. 

One hour after this injection, which produced such deep effect, two more 
injections ether serum were given. These two injections, separated 
minutes, caused only slight effects the blood pressure and respiration. 
the end the experiment the animal had blood pressure mm., pulse 
220, and the respirations numbered per minute. 

Horse Serum this series sterile horse serum without any pre- 
servative was injected intraspinally. Five experiments were made, but three 
these either tricresol chloroform serum was injected before plain serum 
was used. Because these later injections produced well marked effects the 
blood pressure and respiration, the combination experiments were rejected 
because the results could not definitely attributed the plain horse serum. 

two experiments nothing but sterile horse serum, least month old 
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and without any preservative, was injected The dogs weighed 
5,250 and 6,000 gm., and both were males. The first dog received c.c. and 
the second one c.c. sterile serum intraspinally, and both were good 
condition the end the experiment. Dog (vagi intact) that time had 
blood pressure mm., pulse rate 165, and respirations per minute. 
Dog (vagi cut) registered pressure mm., pulse rate 175, and 
respiration per minute. 

Every injection dog whose vagi were intact, caused drop blood 
pressure varying from mm., and the pulse was the same time in- 
creased amplitude and slowed rate (vagus pulses). The drop was usually 
preceded short moderate rise pressure. The drop usually lasted 
long the slowing the pulse was marked, but four times out the six 
injections this dog the original level was reattained time when the 
pulse rate was still beats slower than normal. The duration the 
drop varied from fraction minute minutes. 

dog where the vagi were cut, the injection plain horse serum pro- 
duced drop blood pressure which usually did not exceed mm. This 
drop established itself more slowly, and addition was preceded more 
sustained rise than dog (vagi intact). During the low blood pressure 
level the rate was usually slowed beats, although the vagi were sectioned 
this animal. The duration the drop was usually less than minute. 

One severe drop blood pressure was obtained dog The seventh in- 
jection c.c. plain serum with preservative was given minutes after 
the sixth dose, while the animal was breathing spontaneously; before the in- 
jection was completed the blood pressure fell from 106 mm. less than 
one minute, and three minutes later reached the mm. level, the pulse slowing 
from 175 165. Then recovery set without any insufflation other aid, 
and minutes after the lowest level was reached (17 minutes after the in- 
jection) the blood pressure recorded mm. The respiration throughout this 
time was spontaneous and showed marked alterations any kind. should 
that the next injection which was given minutes after the last one 
produced only the ordinary effect. 

The respiration dog (vagi intact) showed the usual initial quickening 
and deepening the respiration during the injection, followed slowing with 
inspiratory prolongation and stoppage respiration the expiratory position 
which lasted from half minute minutes. The respirations were first 
slow but the normal rate and depth were usually reattained quickly. dog 
(vagi cut) inspiratory stoppage the respiration was the most pronounced 
phenomenon during the injection, and the following respiratory stoppage 
expiration did not exceed minute duration. 

Both dogs received plain horse serum intraspinally while breathing spontan- 
eously and the effect was apparently more severe all, except one instance, 
than when given during artificial respiration. This single and striking exception 
occurred dog and has already been described. 

Ringer Solution male dogs, weighing 7,500 and 7,000 gm., re- 
spectively, were used and both received injections c.c. Ringer solution 
intraspinally. The vagi both were intact. The injections were given 
minute intervals, sometimes even more rapidly. The effects the blood 
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pressure and respiration were general similar those described for the 
ether plain horse serum series,—initial rise the blood pressure followed 
slowing the pulse rate and moderate drop pressure which usually did 
not exceed mm. Within one minute the normal level and pulse rate were 
reattained. The respiration often was merely slowed, and when stoppage 
expiration took place, this stoppage never lasted longer than minute. 

Both animals were good condition the end the experiment and each 
tolerated two injections tricresol serum with considerably less effect 
the blood pressure and respiration than that serum usually produced; the 
blood pressure sank about mm. with moderate slowing the rate, and re- 
covered its level within few minutes. The respiration was not stopped all 
any the four tricresol injections. Ten minutes after the last injection both 
dogs showed blood pressure 110, 108 mm., pulse rate 195, 175, and respiration 30, 
55, respectively. 

Formalin Experiments—A few experiments dogs only were made with 
serum which formalin the proportion per 1,000 serum had been 
added. With 1,000 the effect the blood pressure and respiration was 
considerably less severe than with 0.3 per cent. This investigation 
was not continued because formalin powerful protein coagulant and there 
present evidence available that the antimeningitis serum not injured 
this preservative. 

Local Applications Tricresol Solutions the series 
experiments was carried out order observe the effect 0.3 per cent. 
tricresol when applied directly the fourth ventricle. procedure this kind 
reduces the factor pressure the tricresol solution that can neglected, 
and the effects observed may safely attributed the tricresol solution itself. 

Ten experiments were carried out dogs, the first four experiments 0.3 
per cent. tricresol 0.9 per cent. salt solution was employed. This solution was 
applied the medulla about minute intervals while the animal was breath- 
ing spontaneously during intratracheal insufflation. none these four 
tests did the saline tricresol solution cause marked lowering the blood 
pressure stoppage the respiration. When ether was pushed that the 
spontaneous respiration began fail and the blood pressure fell, the tricresol 
saline hastened the disappearance respiration. the tricresol application 
was regularly continued, but the ether stopped while air insufflation was main- 
tained for about minutes longer before this also was discontinued, then spon- 
taneous respirations began almost once, and the blood pressure continued its 
ascent which began soon the ether was stopped. 

The last six experiments this series were made applying 0.3 per cent. 
tricresol horse serum the medulla. Before each application the cerebrospinal 
liquid was cautiously removed with absorbent cotton and replaced 
c.c. tricresol serum. The blood pressure and respiration were recorded 
usual. five the six dogs one vagus was cut the neck and the central 
stump was used for stimulation the medullary centers. Five these dogs 
weighed between and kilos; only one weighed less (dog 5). 

Four the six experiments showed that several applications 0.3 per cent. 
tricresol serum minute intervals produced only slight alterations 
the blood pressure and respirations; the respirations usually became more rapid 
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and smaller amplitude; the blood pressure sank about mm.; both respira- 
tion and blood pressure became practically normal within few minutes. 
the end these four experiments molecular solution magnesium sulphate 
was applied the medulla: each dog the respiration promptly slowed and 
stopped permanently, the blood pressure fell gradually, and the animal died with- 
out struggle. 

two experiments, dogs and the medullary application 0.3 per cent. 
tricresol serum caused respiratory stoppage. dog two applications each 
0.6 c.c. tricresol serum caused first short increase the rate coupled with 
diminished amplitude the respirations, then the rate slowed and respirations 
ceased for less than minute when they again appeared, although the tricresol 
solution had not been removed. Removal the tricresol solution and the 
application Ringer solution hastened the recovery. The blood pressure was 
not affected all. this experiment the intratracheal insufflation was con- 
tinued throughout. 

dog two applications each 0.3 per cent. tricresol serum the 
medulla caused stoppage the respiration the expiratory position after 
short period respiratory stimulation the rate, dog During this 
stoppage the intratracheal insufflation was discontinued minute after the prac- 
tical abolition respiration, but nevertheless spontaneous respirations began 
minute later and rapidly became normal amplitude, though faster rate. 
must noted that the tricresol solution was not removed, but was allowed 
remain contact with the medulla. The blood pressure showed drop 
mm. Ten minutes after the first application, the solution was removed and 
replaced another c.c. tricresol serum. The blood pressure was this time 
mm., the pulse rate 150, and the respirations numbered per minute. The 
application again caused stoppage spontaneous respirations which lasted 
about minutes when spontaneous respirations appeared; the insufflation air 
was stopped seconds after the beginning respiratory stoppage. The blood 
pressure this instance dropped slowly from mm. Seven minutes 
after the application the blood pressure was 100 mm., the pulse 165, and the 
spontaneous respirations were per minute. this test tricresol serum was 
again allowed remain contact with the medulla throughout and again com- 
plete recovery resulted, without aiding the animal any way. Figure shows 
the effect produced the first application 0.3 per cent. tricresol serum 
the medulla dog this series, which thus produces quite different results 
from the intraspinal injection the same liquid. 


DISCUSSION. 


From the description experiments given the preceding pages 
number facts appear with clearness. has been shown that 
monkeys tolerate the intraspinal injection 0.3 per cent. tricresol 
serum very well, even when previously subjected operation 
which interferes some extent with respiration (partial pneumo- 
thorax). Out eight monkeys only one succumbed, and this one 
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died after receiving about per kilo body-weight. The 
reasons for this death will considered later. The other monkeys 
survived the injections well, though the doses given were often con- 
siderably greater than the one which caused the single death this 
series. Indeed, the quantities tolerated under unfavorable condi- 
tions the monkeys were source surprise. Among the oper- 
ated monkeys this series (pleural cannula, spontaneous respira- 
tion, cannula the femoral artery, ether anesthesia throughout) 
two monkeys were used successive days for the same experiment, 
the injections the second day being given while the animal had 
full one-sided pneumothorax. Monkey received c.c. 0.3 
per cent. tricresol serum intraspinally (5.2 per kilo) six in- 
jections fifteen minute intervals, and was excellent condition 
the end the experiment. the next day the same animal, 
apparently excellent condition, was again injected with c.c. 
0.3 per cent. tricresol serum (8.2 c.c. per kilo) with full recovery. 
Figures and show the effects the first and sixth injection 
the first day; and figure shows the result the seventh injection, 
this last time c.c., the next day. The intervals were again 
fifteen minutes. Similar results were obtained with monkey which 
was operated the same manner monkey received 
the first day c.c. tricresol serum five injections fifteen 
minute intervals, and was excellent condition the end. The 
wounds were then treated with tincture iodine and sutured 
usual. attempt was made remove the pneumothorax which 
resulted removal the pleural cannula. the next day the 
animal seemed good condition and was again prepared for 
graphic record the respiration and blood pressure. this day 
received intraspinally c.c. doses fifteen minute intervals 
c.c. tricresol serum per kilo) without any alarming symp- 
toms. Then c.c. Ringer solution were injected fast pos- 
sible, but the animal recovered within few minutes. Another 
monkey, No. received c.c. tricresol serum intraspinally 
c.c. per kilo) c.c. doses seven minute intervals, and was 
excellent condition the end the experiment and the next day, 
spite one-sided pneumothorax. Four days after the in- 
jection, however, the animal died dysentery which had con- 
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tracted before the injection, for five its mates died the 
same disease. 

These experiments show decisively that large quantities 0.3 
per cent. tricresol antimeningitis serum are tolerated very well 
monkeys which have been subjected severe operations. But these 
experiments may considered acute and might suggested that 
the result would different the injections had been repeated 
number times different days and the animals then observed 
for period days. this type were, therefore, 
also carried out. Monkeys and received intraspinal injections 
c.c. 0.3 per cent. tricresol serum per kilo different 
days without any anesthesia, and were then kept under observation 
for least one month. All them were alive and excellent con- 
dition after that period. Monkey was injected five different 
days, monkey four, and monkey two days. Only one 
these monkeys showed alarming collapse after injection, 
but recovered promptly after period pharyngeal insufflation.?* 

These experiments show that repeated injections fairly large 
amounts 0.3 per cent. tricresol serum not cause undesirable 
effects which appear only after some days. 

must emphasized that all the monkeys received intraspinal 
injections without any artificial respiratory aid. 

the tricresol dog series similar results were obtained. Out 
six dogs which received from c.c. 0.3 per cent. tricresol 
serum per kilo body-weight, one dog succumbed after having 
tolerated c.c. per kilo. This dog died after the next injection 
apparently because this last injection was given without in- 
tratracheal insufflation while the animal was breathing spontaneously. 
this last injection had also been given during intratracheal in- 
sufflation seems probable that the animal would have survived like 
his companions. 

These results dogs are variance with those observed 
who obtained fatal issue when larger” doses 


Collapse after the mere introduction hypodermic needle into the 
spinal dural sac was also observed this series. possible that preceding 
partial asphyxia due the method holding these lively animals partly 
responsible for the collapse. 

Hale, cit., 14. 
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than c.c. per kilo were injected intraspinally. This difference 
entirely due the different methods which Hale employed, for 
his experiments the dogs were allowed breathe spontaneously, 
while experiments almost invariably intratracheal insufflation 
was used which prevents asphyxia due any temporary functional 
failure the respiratory center. 

Sources Danger from 0.3 Per Cent. Tricresol Serum.—One 
the main dangers the employment 0.3 per cent. tricresol serum 
seems the increased intraspinal pressure. This indicated 
quite clearly number experiments both the dog and the 
monkey. Indeed, the monkey the death-producing factor may 
largely the increased intraspinal pressure. the monkey, for ex- 
ample, the injection few cubic centimeters tricresol serum 
after the previous intraspinal introduction plain horse serum with- 
out any preservative may produce stoppage the respiration 
broken occasionally short gasps, profound drop blood pres- 
sure, and marked slowing the pulse. Nevertheless, the mere 
removal spinal fluid may suffice restore blood pressure, respira- 
tion, and pulse normal within few minutes. experiment 
this type well shown figure 

this animal similar serious effect the respiration and blood 
pressure had been obtained before the same day and the monkey 
had rallied with similar speed after some spinal fluid was withdrawn, 
though this time was also aided pharyngeal insufflation. This 
respiratory aid was probably not necessary, for the second respira- 
tory failure yielded promptly when merely spinal fluid was with- 
drawn, shown figure 

The single death the tricresol monkey series (animal gave 
tracing the respiration and blood pressure after the fatal injection 
which practically identical with that figure this fatal 
case pharyngeal insufflation was administered, but spinal fluid 
was withdrawn. seems probable that the issue would have been 
different had some spinal fluid been allowed escape. 

the dog, also, pressure plays considerable part. This 
shown the differences effect between intraspinal injections 


The blood pressure reached its normal level few minutes later the 
tracing following the one printed figure 


: 
4 


John Auer. 


tricresol serum and its local application the this ani- 
mal species the intraspinal injection 0.3 per cent. tricresol usu- 
ally causes powerful drop blood pressure associated with 
marked slowing the pulse and more less marked abolition 
respiration (figures and 10). But the local application the 
same tricresol solution the medulla the dog only exceptionally 
(in two dogs out ten) produces pronounced stoppage the 
respiration (figure I1), and never, experience, strong, con- 
tinued drop blood pressure with slowing the pulse. Here 
again the only difference seems one pressure: there prac- 
tically none when the tricresol solution applied locally, but when 
injection given intraspinally there must rise intraspinal 
pressure until the injected liquid absorbed. possible that the 
condition the medullary centers previous the injection tri- 
cresol serum importance. Monkey the tricresol series, for 
example, had been almost killed excess ether during the 
operation, and the experiment was carried out before had recov- 
ered completely. This animal succumbed after receiving only 
c.c. 0.3 per cent. tricresol serum intraspinally. The symptoms 
were practically identical with those observed another monkey, 
used for the second time, when large doses serum, both normal 
and tricresol, had been injected. this latter monkey will 
remembered that the symptoms were promptly abolished the 
mere withdrawal some spinal fluid (figure 8). 

These experiments show that the stress laid the 
part increased intraspinal pressure the production death 
human beings after tricresol meningitis serum experimentally well 
founded. 

Although increased intraspinal pressure apparently suffices ex- 
plain large part the causation dangerous symptoms the 
monkey, and the differences observed the dog when tricresol serum 
applied locally the medulla injected intraspinally, nevertheless 
there evidence that the tricresol itself exerts effect. This in- 
dicated the stronger blood pressure effect obtained monkeys 
after tricresol serum than after chloroform, ether, plain horse 
serum. the dog also the same difference between the various 
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sera observed, tricresol serum usually causing more profound 
blood pressure drop than the other sera. addition, the dog, but 
not the monkey, usually exhibits severer interference with the res- 
piration after tricresol serum than after plain serum. Moreover, 
mentioned previously, the mere, local application 0.3 per cent. 
tricresol serum the medulla the dog may occasionally produce 
transient stoppage the respiration. All these facts indicate 
that 0.3 per cent. tricresol does affect the medullary centers, but the 
action definitely much more pronounced the dog than the 
monkey. The nature these medullary effects will discussed 
following section. 

Another source danger, which was observed only unan- 
esthetized monkeys, the production collapse the introduc- 
tion needle into the subdural space the spinal cord. This col- 
lapse usually marked slowing and weakening the respira- 
tion, which may great that artificial respiration (pharyngeal 
insufflation) necessary save the animal. These effects were 
obtained four times two monkeys the three this series, and 
occurred after the animal had already tolerated several injections 
tricresol serum. The collapse could not obtained will, and 
these and the remaining animal gave alarming reactions when 
the spinal dural sac was punctured repeatedly order bring 
collapse. seems probable that preceding partial asphyxia 
important factor producing this type collapse. The two mon- 
keys which showed struggled violently while being held across the 
knee the assistant. order immobilize them sufficiently 
permit intraspinal insertion the needle, the chest and abdomen 
had pressed firmly across the knee, and this must have in- 
terfered with respiration. addition this, the asphyxia may 
have led increased intraspinal pressure, for Dixon and Halli- 
have demonstrated that asphyxia, however produced, al- 


ways leads considerable increase the secretion the cere- 
brospinal liquid. 


Dixon and Halliburton, loc. cit., 234. 
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ANALYSIS THE EFFECT INCREASED INTRASPINAL PRESSURE AND 
TRICRESOL THE MEDULLARY 


The chief danger which results the organism when the intra- 
spinal pressure raised tricresol serum interference with 
efficient respiration due action upon the respiratory centers. 
This action was not great most the monkey experiments and 
large quantities 0.3 per cent. tricresol serum injected intraspinally 
syringe produced usually but slight effects the respiration 
(figures and 4). Nevertheless, serious stoppage may 
obtained now and then, shown figure where the respiration 
practically ceased until the intraspinal pressure was reduced. 
dogs, however, temporary cessation respiration fairly con- 
stant accompaniment most intraspinal injections 0.3 per cent. 
tricresol serum, and this abolition respiration often lasted some 
minutes even though intratracheal insufflation was maintained 
throughout the period cessation spontaneous respiration. The 
respiratory center the dog thus much more sensitive 0.3 per 
cent. tricresol serum than that the monkey. The same fact in- 
dicated the ease with which respiratory stoppages are obtained 
the dog after the injection sera with and without preservatives 
even Ringer solution alone. the monkey, the other hand, 
marked respiratory effects are usually obtained with any serum 
beyond those which occur when the injection driven rapidly 
(compare figures and 7), especially when the animal not com- 
pletely under anesthesia. 

This respiratory failure the dog after tricresol injections has 
been interpreted paralysis the respiratory center 
due tricresol, although admits that increased intracerebral pres- 
sure plays some part. has already been shown that increased 
intraspinal pressure plays very important part the causation 
serious symptoms both the monkey and dog, and must now 
determined whether all the available facts support Hale’s assumption 
that the respiratory center really paralyzed the dog after large 
doses tricresol serum. 

The analysis the effects observed after the intraspinal injection 
tricresol serum, any fluid, made difficult the fact that the 

Hale, loc. cit., pp. and 18. 
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functional alterations observed are may the result antagonis- 
tic actions upon the medullary centers. Thus stimulation, either 
inhibitory excitatory, both the vagus and vasomotor centers 
must neutralize each other some extent, though both centers may 
clearly recognized work the blood pressure curve some 
instances (figure the respiratory center may show both 
inspiration. the other hand, however, can easily deter- 
mined whether not center has been paralyzed, for the function 
presided over that center must then disappear permanently, 
least the recovery must very slow. will shown the 
following that the changes produced 0.3 per cent. tricresol serum 
injected intraspinally can readily explained the result central 
stimulation, either excitatory inhibitory, and that paralysis can 
excluded. 

When c.c. 0.3 per cent. tricresol serum are injected into the 
spinal dural sac the dog for the first time, the usual effect res- 
piratory stoppage passive expiration which persists for variable 
length time. The recovery usually complete within few 
minutes. Here obviously paralysis the respiratory center cannot 
the recovery too prompt Moreover, after 
doses 0.3 per cent. tricresol serum, large that with Hale’s 
method the dog would surely succumb, for example with c.c. per 
kilo, the respirations are still good and each may show inspiratory 
tetanus (figure 10), which course means stimulation inspira- 
tion. another injection tricresol serum then given intra- 
spinally the respirations stop now passive expiration for variable 
number minutes (inhibition inspiration) and then respirations 
the same inspiratory type before the injection appear (figure 
10). The stoppage expiration must therefore interpreted, 
seems me, inhibition the respiratory center and not 
paralysis. This supposition strengthened observations which 
show that intraspinal injection, given while animal shows 
shallow, slow respirations due preceding tricresol injections, nev- 
ertheless brings out short series rapid respirations large am- 
plitude. Here again the facts speak definitely for inhibition and 
stimulation the respiratory center and not for paralysis, 
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impossible for paralyzed structure send out series 
strong normal impulses. 


This distinction between inhibition and intoxication 


paralysis structure not academic, spite the fact that the 


results both may disastrous the animal. center 
merely inhibited, damage the structure itself necessarily 
implied; there merely stoppage function, the cells themselves 
being intact; they will function soon the inhibition wears off 
sufficiently, and the organism will survive tided over the critical 
period. If, however, center paralyzed, this means damage 
the cells that center, and recovery can take place only after 
this damage has been least partly repaired, which necessarily 
slow process. If, therefore, vital center inhibited there 
the probability that the center will again resume its activity given 
sufficient time, and its function the meantime replaced. 
When the center inhibited the respiratory center, this very 
easily and readily done instituting adequate artificial respiration. 
for this reason that the tricresol dog series reported this 
paper showed such excellent results after the injection large 
doses tricresol serum; all the dogs were injected while intra- 
tracheal insufflation was maintained except one dog, No. 
weighing 4,750 grams, which succumbed after having tolerated 
c.c. 0.3 per cent. tricresol serum, apparently because the last injec- 
tion was given while the animal was breathing spontaneously. 
The stimulation excitatory and inhibitory functions 0.3 
per cent. tricresol serum not limited the respiratory center 
the dog; also clearly exhibited the vagus and vasomotor 
centers the medulla. Almost any injection c.c. 0.3 per 
cent. tricresol serum the dog brings definite slowing the 
pulse rate which often very pronounced for some time. The pulse 
rate, for example, may drop from 135 per minute, from 
140 (figures and 10). This means undoubtedly that the 
vagus center has been stimulated the tricresol serum, for section 
the vagi atropin abolishes the great slowing the pulse. The 
vasomotor center the dog also exhibits reactions which are most 
readily explained stimulation inhibition. The first injection 
tricresol serum dog usually causes drop blood pressure 
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and this drop may profound; may fall from mm. 
(figure 9). This drop, however, can only partly explained 
result vagus center stimulation, for drop will still occur the 
vagi have been sectioned. The tricresol serum, therefore, must have 
exerted effect the vasomotor center, which may either have 
been inhibition the normal vasomotor tonus stimulation 
the vasodilating center. intoxication paralysis can 
excluded the swift recovery which occurred within twelve min- 
utes unusually severe case (figure 9). Moreover, the be- 
havior the center during subsequent injections tricresol serum 
shows clearly that intoxication and paralysis can excluded. 
After several injections 0.3 per cent. tricresol serum stage may 
reached where the stimulation the vagus center produced 
injection becomes very pronounced, and where, spite the 
considerable slowing the pulse rate, the blood pressure rises 
that may greatly exceed the normal level. Here evidently both 
the vagus and the vasoconstrictor centers are stimulated the same 
time. Such combined stimulation vagus and vasoconstrictor 
centers shown figure 10. This tracing was obtained from 
dog 8,750 grams, which had already received 
0.3 per cent. tricresol serum per kilo before the injection was 
given which the curve illustrates. these data there- 
fore permissible conclude that the vasomotor center also 
not intoxicated paralyzed, but is, the contrary, stimu- 
lated large doses 0.3 per cent. tricresol serum. Attention may 
called here statement that the pressure 
always falls” after the intraspinal injection tricresol serum 
the dog. This have found means true experiments. 
Figure 10, for example, shows only moderate drop the mean 
blood pressure, and subsequent injections tricresol serum 
the same animal have obtained tremendous rises blood pressure 
with stoppage the respiration expiration quite comparable 
Hale’s illustrating fatal rise intraspinal pressure after 
the injection plain serum without any preservative. This trac- 
ing Hale shows very well stoppage respiration the expira- 
tory position and stimulation both the vagus and vasomotor 


Hale, cit., 17. This statement italicized the original. 
Hale, loc. cit., 13. 
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centers resulting strong rise blood pressure, although the 
pulse slows from 300 192 per minute. have obtained similar 
results after large doses 0.3 per cent. tricresol serum with this 
difference, that the tricresol dog survived. 

From the behavior the respiratory, vagus, and vasomotor 
centers the dog after large doses 0.3 per cent. tricresol serum 
have been injected intraspinally, the inference may thus justly 
drawn that the effects observed are the results stimulation 
either excitatory inhibitory these centers. These effects, how- 
ever, may disastrous the dog, for they interfere with effi- 
cient respiration, and the combination cessation respiration to- 
gether with low blood pressure will sooner later fatal the 
dog, because vicious circle formed, unless artificial respiration 
maintained for some time after each injection. 

low blood pressure itself after 0.3 per cent. tricresol serum 
does not seem dangerous the life the animal, provided 
that respiration maintained either spontaneously artificially. 
This has been observed both the monkey and the dog. Plate 
shows prompt recovery the blood pressure after drop 
mm. mercury; dog the same series the blood pressure fell 
abruptly practically zero after c.c. 0.3 per cent. tricresol 
serum intraspinally, and the curve showed heart beats. Never- 
theless, intratracheal insufflation was maintained and the animal not 
only recovered but tolerated two further injections each c.c. 
tricresol serum. Twelve minutes after the last injection the blood 
pressure was mm., the pulse rate 140, and the spontaneous respi- 
rations per minute. 

the monkey, also, low blood pressure after tricresol serum does 
not seem threaten life. For example, figure shows drop from 
mm. after the intraspinal injection 0.3 per 
cent. tricresol serum. Recovery took place within ten minutes with- 
out any aid. The respiration was not much affected beyond 
transitory quickening the rate and slight diminution the 
amplitude each 


This monkey, must pointed out, had already received c.c. 0.3 
per cent. tricresol serum before the c.c. which the figure shows. Moreover, the 
same animal had been used the day before for the same type experiment and 
had then tolerated easily c.c. 0.3 per cent. tricresol serum intraspinally. The 
monkey weighed 3,453 gm. 
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Another marked drop blood pressure the monkey recorded 
figure after c.c. 0.3 per cent. tricresol serum. This ani- 
mal had already received c.c. 0.3 per cent. chloroform serum 
and c.c. tricresol serum. The dose now injected caused drop 
from mm.; spontaneous recovery resulted within six 
minutes. The respirations this animal also were quickened and 
slightly reduced amplitude, but never showed any signs fail- 
ing. The most severe blood pressure drop the monkey shown 
figure this animal the respiration failed and the blood 
pressure dropped the mm. level. Nevertheless, prompt re- 
covery both blood pressure and respiration resulted soon the 
intraspinal pressure was reduced allowing the spinal fluid 
escape through the hypodermic needle. 

These results concerning the comparative harmlessness con- 
siderable drops blood pressure both the dog and monkey after 
intraspinal injection tricresol serum, unless associated with res- 
piratory failure some degree, not invalidate the observation 
that the blood pressure drop accurate guide 
judging what quantity serum can safely injected intraspinally 
the human being. danger signal the human subject 
must observed during therapeutic intervention, and the 
blood pressure has shown itself good index the hands Soph- 
ian, should continue used when serum injected intra- 
spinally the human being. is, course, evident, even without 
the work reported this paper, that the respiration also should 
watched carefully the blood pressure, and injection should 
discontinued temporarily soon the respiration shows altera- 
tions. 

COMPARISON SERA EMPLOYED. 


From the description already given the effects exerted the 
various sera used this investigation, seen that they can 
arranged order their effect the blood pressure and respira- 
tion. the dog the greatest action the blood pressure and res- 
piration was exerted 0.3 per cent. tricresol serum; 0.3 per cent. 
chloroform serum produces also marked blood pressure drop 
and stoppage the respiration, but the severity these changes 


Sophian, A., Am. Med. Assn., 1912, 843. 


~ 
is 
an 


John 


almost always much less than with the tricresol serum; the differ- 
ence especially outspoken the effect the respiration, the stop- 
pages being almost always less than those obtained with the tricresol 
serum. The action 0.3 per cent. ether serum still less than 
that the chloroform serum, and the respiration and blood pres- 
sure are usually only moderately affected. Plain horse serum 
perhaps somewhat less active its effect the blood pressure and 
respiration than the ether serum, though the difference not pro- 
nounced. 

None the sera tested the dog were without some adverse 
action both the respiration and the blood pressure. Plain horse 
serum caused times respiratory stoppages passive expiration 
which lasted longer than minute, and one instance after in- 
jection 3.5 plain serum while the dog (vagi cut) was 
breathing without any aid, prompt, profound drop blood pres- 
sure from 106 mm. occurred while the rate merely slowed 
from 175 165, the respirations remaining unaltered per 
minute. recovery took place within minutes. This effect 
was probably due inhibition the tonus the vasomotor 
center, and was quite similar the drop blood pressure obtained 
after 0.3 per cent. tricresol serum. 

the monkey the same gradation the sera holds general, 
except that the effects all are strongly less than those observed 
the dog. 0.3 per cent. tricresol serum, for example, only ex- 
ceptionally produces marked effect the respiration even after 
large doses have been injected intraspinally (figures 4), and 
marked respiratory effects were observed all after chloroform, 
ether, and plain serum. The difference between the sera best 
emphasized the monkey the behavior the blood pressure: 
0.3 per cent. tricresol serum causes usually more less pro- 
nounced drop blood pressure (figures 4); 0.3 per cent. 
chloroform has much less effect (figures 0.3 per cent. 
ether serum causes drop blood pressure, but raises the pres- 
sure for short period time (figure 7); and plain horse serum 
also practically does not affect the blood pressure, the rise being 
less than with ether serum. 

These experiments show that ether and chloroform sera are better 
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than tricresol, consider the blood pressure and respiration 
criteria. Moreover, they have this advantage, that they can 
largely not entirely removed warming the serum container be- 
fore injection. The preservative thus may fulfill its function 
long considered desirable. 


Effect the Spinal spinal cord was usually examined both 
dogs and monkeys during the autopsy after experiment. the dog the blood 
vessels the cord were usually found moderately injected after 0.3 per cent. 
tricresol serum, especially the lumbar and lower thoracic region. times 
the cord the site injection showed some maceration the surface, but only 
one instance were hemorrhages found the substance the cord itself, 
and these hemorrhages were limited the lumbar region. Similar injections 
the pia-arachnoid vessels were observed after the employment the other sera, 
but the injection was usually less. Superficial macerations the cord were 
also observed these series. 

the monkey the cord was examined shortly after experiment after 
interval days weeks. damage the cord was ever seen, and the 
injection the blood vessels was never pronounced even after 0.3 per cent. 
tricresol serum. instance were adhesions noted between the cord and 
dura, nor did the cord show gross signs infection spite the fact that 
the antisepsis practiced during intraspinal injection was far from perfect. 

was interesting note that even after very large doses serum the 
monkey’s spinal dural sac did not contain large amount fluid, even when 
the autopsy was performed less than minutes after the last injection. Ab- 
sorption the serum seems rapid, and this fact explains the rapidity 
with which the blood clotted the arterial cannula and adjoining ‘section 
artery during blood pressure experiments. 

Effect Preservatives the Opsonins Antimeningitis 
series experiments was kindly carried out Dr. Martha Wollstein. The 
results show that 0.3 per cent. tricresol, 0.3 per cent. chloroform, 0.3 per 
ether affect the opsonin content about equally when tested after one week, 
one month, and three months. 


SUMMARY. 


The monkey (Macacus rhesus) usually tolerates readily the re- 
peated intraspinal injection large doses 0.3 per cent. tricresol 
antimeningitis serum. The spontaneous respiration generally not 
disturbed. 

Doses 0.3 per cent. tricresol serum large c.c. per kilo 
were injected intraspinally with subsequent recovery, even when 
the monkey had partial pneumothorax. 

Dangerous alterations the respiration and blood pressure 
the monkey after 0.3 per cent. tricresol serum given syringe are 
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apparently largely due increased intraspinal pressure, for the mere 
reduction this pressure has sufficed bring about prompt and 
complete recovery. 

The medullary centers the monkey (vagus, respiratory, and 
vasomotor) are highly resistant the action sera when injected 
intraspinally, strikingly more than those the dog. 

Occasionally the mere introduction hypodermic needle into 
the spinal dural sac non-anesthetized, unoperated monkeys which 
have already received injections 0.3 per cent. tricresol serum, may 
produce severe collapse. preceding partial asphyxia seems 
necessary condition. 

Large quantities sera are rapidly absorbed from the spinal 
dural sac monkeys, and the clotting time the blood de- 
creased. 

The spinal meninges the monkey are resistant infection; 
even primitive precautions during intraspinal injections apparently 
suffice prevent infection. 

Dogs are much more sensitive the intraspinal injection 0.3 
per cent. tricresol serum than monkeys; nevertheless they may toler- 
ate much c.c. per kilo provided that intratracheal insufflation 
maintained for some time after each injection. 

The chief danger dogs after intraspinal injections 0.3 per 
cent. tricresol cessation the respiration; for this reason arti- 
ficial respiration necessary. 

The blood pressure the dog may profoundly lowered 0.3 
per cent. tricresol serum, yet recovery usually obtained intra- 
tracheal insufflation maintained. 

The effects 0.3 per cent. tricresol serum upon the medullary 
centers interpreted the result either excitatory inhib- 
itory stimuli. evidence was found that either the respiratory, 
vasomotor, vagus center paralyzed. 

The local application 0.3 per cent. tricresol serum upon the 
exposed medulla dogs does not produce the same effect upon 
the respiration and blood pressure intraspinal injection the 
same serum. 

solution 0.3 per cent. tricresol serum applied locally the 
medulla dogs occasionally produces transient respiratory stop- 
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page, without markedly affecting the blood pressure even when 
intratracheal insufflation stopped. 

Increased intraspinal pressure was found important fac- 
tor the production respiratory and blood pressure changes 
the dog after intraspinal injection 0.3 per cent. tricresol serum. 

Both the monkey and the dog 0.3 per cent. chloroform serum, 
0.3 per cent. ether serum, plain horse serum produced general 
smaller effect upon the medullary centers than 0.3 per cent. tricresol 

The ideal preservative for therapeutic sera would seem one 
which could removed before injection. this respect 
better than chloroform. 

The opsonins antimeningitis serum are about equally affected 
0.3 per cent. tricresol, 0.3 per cent. chloroform, 0.3 per cent. 
ether when tested after one week, one month, and three months. 

When intraspinal injections are given the human being would 
seem advisable prepared withdraw part the injected fluid 
and administer artificial respiration, necessary. For safe 
withdrawal fluid the gravity method the best; for artificial res- 
piration Meltzer’s apparatus for pharyngeal insufflation recom- 
mended. 

Addendum.—After this paper was completed and ready for press article 
appeared which demands consideration. Voegtlin’s object was 
study the quantitative effects various tricresol serum concentrations 
the blood pressure and respiration when injected intraspinally dogs and 
monkeys the gravity method syringe; also investigate the compara- 
tive effects normal serum and sera preserved phenol, tricresol, formalin, 
chloroform, after intraspinal injection. 

Voegtlin avoided the use non-volatile anesthetics the type employed 
Hale order exclude their depressant effects upon the medullary centers; 
substituted warm ether vapors which were administered the animals through 
tracheotomy wound. The respirations were recorded from the pleural cavity 
means cannula and Marey tambour. The blood pressure was taken 
from the carotid artery and mercury manometer was used. The intraspinal 
injections the monkey were given the usual way, that is, introducing 
needle through the skin and between the lamine the upper lumbar spinal 
column into the dural sac. dogs, however, Voegtlin did not expose the cord 
resecting the the lumbar spinal column, procedure which both 


Hale and found necessary secure uniform results, but inserted the needle 
between two vertebre after the spinal column was freely exposed. After obtain- 
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ing spinal fluid, the needle was connected with syringe burette according 
the method employed for injection. When the gravity method was used 

From his investigation, largely confined study the blood pressure, 
Voegtlin concludes that the effect the blood pressure increases proportion 
the rate injection and the concentration the phenol that 
there difference between the toxicity phenol and tricresol serum the 
same that the fall blood pressure primarily due the 
inherent toxic action the phenol tricresol preservative the medullary 
centers, and not increased intracranial tension, because the fall increases with 
for antimeningitis serum, because its intraspinal injection produced danger- 
ous effects.38 also recommends the use the gravity method. 

The experimental results which Voegtlin obtained with 0.3 per cent. tricresol 
serum, chloroform serum, normal horse serum are accord with those 
which experiments have yielded, least far they are shown his 
illustrative tables and protocols. Indeed, his results with 0.3 per cent. tricresol 
serum and with chloroform serum were better than those which obtained. 
With 0.3 per cent. tricresol serum Voegtlin reports not single death either 
dogs monkeys; the lowest level the blood pressure reached after 0.3 per 
cent. tricresol injection was mm. (monkey gravity and the re- 
covery the blood pressure was good all recorded instances. The respiratory 
effect 0.3 per cent. tricresol dogs seems have been slight; respiratory 
stoppage nowhere noted the protocols, and only once the respiration 
described depressed (dog gravity method).4° spite these good results 
recorded his protocols from the tricresol serum, that with 0.3 and 
0.5 per cent. tricresol serum the respiration very often stopped after dose 
the blood pressure fell low level, and this was followed the 
death the animal few minutes, unless artificial respiration was given. 
The protocols and tables, which Voegtlin must have considered typical because 
incorporated them his article, not support the above statement its 
entirety, but only far 0.5 per cent. tricresol serum concerned. All the 
deaths the protocols dealing with 0.3 per cent. tricresol were caused the 
subsequent injection 0.5 per cent. tricresol and never 0.3 per cent. tricresol. 
all work with tricresol serum was limited the 0.3 per cent. strength, 
which the quantity used practice serum preservative, unable 
discuss the effect the 0.5 per cent. strength. 

The effect the blood pressure caused tricresol serum administered 
the gravity method interprets primarily due the inherent toxic property 


Voegtlin, loc. cit., 118. 
Voegtlin, loc. cit., 116. 
Voegtlin, cit., 116. 
Voegtlin, loc. cit., 118. 
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this preservative and not the increased intracranial tension.42 While 
far from denying that 0.3 per cent. tricresol serum per exerts effect 
the medulla, for own experiments with local application this solution 
the medulla the dog definitely show reaction, nevertheless must point out 
that the experiments exhibit distinct difference between local medullary applica- 
tions and intraspinal injections, even given the gravity method. have 
shown that the local application 0.3 per cent. tricresol serum the medulla, 
procedure which practically rules out the element spinal medullary 
pressure, does not produce any marked effect the blood pressure, even when 
spontaneous respiration abolished, exceptionally happens (figure yet 
the intraspinal injection 0.3 per cent. tricresol serum even the gravity 
method always produces well marked drop blood pressure 
These differences show definitely that increased intraspinal pressure signifi- 
cant factor the production blood pressure and respiratory effects after 
the intraspinal injection 0.3 per cent. tricresol serum. 

must emphasized this connection that the gravity method guar- 
antee that the intraspinal pressure not raised its employment, unless the 
rate intraspinal absorption great the rate infusion—a condition 
which probably never fulfilled. The pressure the gravity system thus 
always greater than that the dural sac the cord, for otherwise serum 
would flow in. The degree pressure used the gravity method depends 
entirely upon the operator; Voegtlin, for example, probably used pressure 
cm. serum.44 Such pressure equals about mm. mercury, 
which cannot considered negligible, for notes the appearance pressure 
symptoms when normal serum was injected this method.45 That pressure 
plays important part the grave accidents which sometimes occur after 
0.3 per cent. tricresol well shown figure the present article where the 
mere removal some cerebrospinal liquid sufficed restore respiration and 
blood pressure monkey. For these reasons cannot agree with Voegtlin 
when that has shown conclusively that low rate injection 
used (gravity method) pressure effects can obtained with 0.3 per cent. 
tricresol, although his results with this concentration warrant the belief that the 
pressure factor has been reduced the gravity procedure. 

Voegtlin always refers the action tricresol toxic depressant and 
apparently means that this substance damages the medullary centers,47 but 
gives definite proof. the body the present paper have advanced 
reasons why this view probably not correct, but that, the contrary, the 
tricresol, least 0.3 per cent. strength, acts stimulation the excitatory 
and inhibitory functions the medullary centers. 

Voegtlin’s results with the intraspinal injection chloroform serum the 
dog the gravity method were better than those that obtained the 
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EXPLANATION PLATES. 


the tracings the large oscillations Tepresent the respiration, and down- 
stroke means inspiration unless artificial respiration given during respiratory 
stoppage, when the upstroke records distension the lung. 

The respiratory curve usually cut straight horizontal line which 
represents atmospheric pressure; above the line positive pressure; below the 
line negative pressure. 

The tracing above the respiratory record the blood pressure, obtained 
the dog from the carotid artery and the monkey from the femoral artery 
means mercury manometer. Zero level the pressure recorded 
always the time line. 

Time always marked second intervals. 

The broad white bands below the time line record the time consumed during 
intraspinal injection. 

all tracings second intervals have been measured, and the blood pressure, 
pulse rate, and number respirations for this interval noted small figures 
the curve. The blood pressure readings represent the mean blood pressure. 

None the monkeys received artificial respiration routine procedure. 


PLATE 


Monkey tricresol series; weight 3,455 gm.; normal respiration; 
vagi intact. 

The tracing shows the effect c.c. 0.3 per cent. tricresol antimeningitis 
serum injected intraspinally for the first time. this monkey spinal puncture 
was performed while the blood pressure and respiration were being recorded. 
Note the moderate effect the injection the respiration, and the prompt 
recovery the blood pressure. Compare this figure with figure which shows 
the profound effect first injection 0.3 per cent. tricresol serum the dog. 
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Fic. Same animal figure same day, later stage. 

The tracing shows the effect the sixth injection c.c. 0.3 per cent. 
tricresol serum intraspinally. The effect the respiration and blood pressure 
less than that recorded after the first injection. 0.3 per cent. tricresol 
serum, 5.2 c.c. per kilo, were thus readily tolerated. The speed the drum 
was increased periodically facilitate counting the respirations and pulse beats. 
The wounds were now sutured, after treating them with tincture iodine, and 


the animal was returned its cage excellent condition although had left 
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PLATE 


Fic. animal figures and next day; vagi intact; left pneu- 
mothorax. The monkey was excellent condition. 

The tracing shows the effect the seventh injection 0.3 per cent. tricresol 
serum. The previous doses were c.c. minute intervals, c.c. toto. 
The curve illustrated the figure represents the effect c.c. injected 
rapidly the usual dose c.c. Note the profound drop blood pressure 
from mm. accompanied slowing the pulse from 245 215 per 
minute, while the respirations are quickened from 105 per minute with 
slight reduction the respiratory amplitude. Prompt recovery the blood 
pressure occurred. This figure shows the harmlessness deep fall blood 
pressure when the respiration normal. Only one the six injections preced- 
ing the one figured gave similar drop blood pressure. Fifteen minutes after 
the seventh injection (figure another injection c.c. tricresol serum was 
given. The curve was practically identical with figure recovery the 
pressure was well begun after minutes, but was accelerated needlessly 
the intraspinal injection c.c. adrenalin which raised the blood pressure 
minute 200 mm. The animal was excellent condition the end the 
experiment and had tolerated 0.3 per cent. tricresol serum, 8.2 c.c. per 
kilo, without respiratory difficulty any time. 
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Fic. Monkey tricresol series; weight 2,865 gm.; vagi intact; normal 
respiration. 

This tracing shows the seventh and eighth intraspinal injections c.c. 
0.3 per cent. tricresol serum. All the injections were given minute intervals. 
The the blood pressure was slight, beyond the short initial rise. The 
respiration showed increase rate without any marked diminution ampli- 
tude. The initial respiratory effect the injections (increase amplitude with 


slowing and stoppages active expiration) was largely due the fact that the 
animal was not fully anesthetized. The animal was excellent condition 


the end the experiment after c.c. 0.3 per cent. tricresol serum per kilo 
and the next days. 


the experiment. 


Four days later died dysentery contracted before 
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PLATE 


Monkey chloroform series; weight 2,835 gm.; vagi intact; normal 
respiration; left pneumothorax. 

This monkey had received intraspinally the day before (May c.c. 
0.3 per cent. chloroform antimeningitis serum and c.c. 0.3 per cent. 
tricresol serum. The blood pressure and respiration had been recorded. The 
intervals between the injections varied between and minutes. After the 
experiment was sutured and returned excellent condition its cage, 
although had left pneumothorax. the next day (May was again 
prepared for recording while excellent condition. 

The tracing shows the slight effect exerted two intraspinal injections each 
0.3 per cent. chloroform serum, after the animal had already tolerated 
cc. 0.3 per cent. tricresol serum and 0.3 per cent. chloroform 
serum. The preceding chloroform serum injections produced about the same 
effect those pictured figure 
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Fic. Same animal figure later the experiment, after the monkey 
had already received c.c. 0.3 per cent. chloroform serum and c.c. 0.3 
per cent. tricresol serum c.c. doses usually minute intervals). 

This plate records the effect exerted c.c. chloroform serum injected 
rapidly intraspinally. Only moderate effect the blood pressure and respira- 
tion was produced. Seven minutes later c.c. 0.3 per cent. tricresol serum 
were injected swiftly. tricresol serum the blood pressure drop was con- 
siderable, but recovery was complete minutes. The respiration was increased 
rate and slightly diminished amplitude after the tricresol injection. This 
curve, well figure shows well that low blood pressure after 0.3 per cent. 
tricresol serum not dangerous long the respiration not impaired. This 
monkey received number other injections and tolerated all c.c. 0.3 
per cent. tricresol serum, c.c. 0.3 per cent. chloroform serum, and c.c. 
Ringer solution, and was excellent condition the end the experiment 
when the animal was killed. Gelatin, colored with methylene blue, injected intra- 
spinally this monkey the end the experiment furnished proof autopsy 
that all the injections had entered the dural sac. 


a 
ag 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. 


| Ads 
| 
| Wi 


> 
es 


John Auer. 


PLATE 


Fic. Monkey ether series; weight 3,575 gm.; vagi intact; normal 


This animal had already received c.c. 0.3 per cent. ether horse 
serum intraspinally c.c. doses, minute intervals). 

The tracing shows the absence any decided drop blood pressure during 
the next two injections recorded, but the blood pressure tends remain raised 
period time. The effect the respiration very slight. 


respiration. 
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Monkey normal serum series; weight gm.; vagi intact; 
normal respiration; left pneumothorax for days. This animal had been used 
for graphic experiment Apr. and had then received intraspinally c.c. 
doses minute intervals c.c. sterile horse serum and c.c. 0.3 per 
cent. tricresol serum, and was good condition the end the experiment, 
when the animal was sutured and returned its cage with left-sided pneumo- 
thorax. May days later, the same animal was excellent condition and 
was again used for graphic record. Previous the injections noted 
figure the monkey had already received c.c. doses minute in- 
tervals c.c. sterile plain horse serum and c.c. 0.3 per cent. tricresol 
serum. The sterile horse serum produced practically effect the blood 
pressure and respiration. 

The tracings figure show the slight effect exerted c.c. sterile 
plain horse serum upon the respiration and blood pressure, but the succeeding 
injection c.c. 0.3 per cent. tricresol serum caused first slight short 
stimulation the respiration and then marked slowing and deepening the 
respiration with stoppages passive expiration. The blood 
promptly, after short initial rise, from mm., and the cardiac rate 
slowed from 230 80. this point when the condition seemed hopeless, the 
stopper was removed from the cap the hypodermic needle which tapped the 
spinal dural sac, and fluid dripped away rapidly first, then more slowly. 
Within seconds the blood pressure and respiration began improve rapidly 
and few minutes later the animal was good condition. After minutes the 
blood pressure was mm., the respirations 60, and the pulse rate 230 per minute. 
This tracing shows well the beneficial results merely reducing the intraspinal 
pressure after accidents this type. 
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Dog tricresol series; weight 5.750 gm.; vagi intact; 
insufflation throughout, except when marked off.” 

This tracing shows exceptionally severe reaction 0.3 per cent. 
tricresol serum injected intraspinally for the first time. The respiration showed 
initial short stimulation both rate and amplitude during the injection, and 
then the respiration stopped passive expiration for about minutes (see 
section where the insufflation discontinued, marked The large 
oscillations recorded during this time are due the mechanical remissions 
volume the air stream. The blood pressure began fall before the 
was finished and reached the mm. level, the pulse rate dropping 
same time from 135 per minute (vagus center stimulation). Recovery 
both respiration and blood pressure was prompt and practically normal 
minutes after the injection. This dog tolerated more tricresol serum 
and was excellent condition the end the experiment. 
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Dog tricresol series; weight 4,750 gm.; vagi intact; intratracheal 
insufflation air-ether throughout, except when marked This dog 
had already received c.c. 0.3 per cent. tricresol serum before the injection 
recorded this tracing. The blood pressure was 100 mm., but the 
spontaneous respirations were slow, per minute, and showed inspiratory 
stoppages with active expirations (stimulation inspiration and expiration). 

The injection 0.3 per cent. tricresol serum now given stimulated 
the respiration but slightly and then caused stoppage the respiration passive 
expiration (inhibition the respiratory center). This inhibition was little 
later broken series five respirations each showing stoppage the 
inspiratory position lasting about seconds (stimulation inspiration) now 
inhibition all respiration again follows, but minutes after the injection spon- 
taneous respirations the same type before the injection appear (respira- 
tions with inspiratory pauses and active expiration). The blood pressure rose 
during the injection the serum from 120 mm, and then dropped 
mm., while the pulse rate fell from 140 per minute (vagus center stimu- 
lation). spite this great slowing the pulse rate the blood pressure 
began rise for time (stimulation both vagus and vasoconstrictor centers). 
For some time the blood pressure now escaped occasionally from the vagus 
stimulation, especially during the group respirations with long inspiratory 
pauses. Seven minutes after the injection, respiration, blood pressure, and pulse 
rate were practically before the injection. Subsequent injections 0.3 per 
cent. tricresol serum showed the combined stimulation vagus and vasocon- 
strictor centers still more markedly. 
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Fic. Dog medulla series; weight 6,800 gm.; right vagus cut; left 
intact; continuous air stream (no remissions); downstroke rt. 
central stump the right vagus. The numbers indicate the coil distance 
millimeters Petzold inductorium driven two Daniell this dog 
the medulla only was exposed. 

The lower tracing shows the effect applying sterile plain horse 
serum the floor the fourth ventricle; the blood pressure dropped slightly 
for short time, but the spontaneous respiration showed effect. c.c. 
0.3 per cent. tricresol serum was applied the medulla after first removing the 
plain serum. The respiration first showed increase rate accompanied 
decrease amplitude, which swiftly led stoppage the respiration 
passive expiration. Then the insufflation air was stopped, but spontaneous 
respirations began about minute later, first rapid and small amplitude, 
but swiftly the amplitude increased and the rate decreased until the rate was 
per minute and the amplitude practically normal. should noted that 
the tricresol serum had not been removed. The blood pressure showed only 
slight drop with change the pulse rate during the experiment. Stimula- 
tion the central stump the right vagus caused the same effect upon the 
respiratory center and after the application tricresol serum. The 
stimulations caused strong effect upon the vasomotor centers any time, 
although the after effects the stimuli were slightly more pronounced after 
the application the tricresol serum than before (vasomotor center more irri- 
table after the tricresol than before). Compare this tracing with figures and 
10, when the tricresol serum was injected 
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syringe method the same animal, but are quite comparable those noted 
the monkey (syringe method), which are illustrated figure 

The only experimental discrepancy between Voegtlin’s work and mine, where 
deal with the same substances the same strength, with formalin serum. 
Voegtlin found that formalin serum produced the same symptoms 
phenol injections 0.25 0.5 per cent. strength. The few experi- 
ments made with 1:1,000 formalin serum yielded definitely smaller 
effect the blood pressure and respiration than 0.3 per cent. tricresol. have 
already stated the body this paper that the experiments with formalin 
serum were not continued, because formalin powerful coagulant and its 
action the therapeutic properties antisera unknown. 


The employment curative sera the intraspinal mode 
injection being constantly extended. the actual dangers inherent and 
precautions observed carrying out this form treatment 
clearly understood and appreciated. because the present great practical 
importance the subject that this paper has been printed its entirety, although 
exceeds somewhat the length limit prescribed the Journal Experimental 
Medicine. 
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THE FUNCTION THE SPLEEN THE 
MENTAL INFECTION ALBINO MICE WITH 
BACILLUS TUBERCULOSIS. 


SECOND PAPER.* 


PAUL LEWIS, M.D., ARTHUR GEORGES MARGOT. 


(From the Henry Phipps Institute the University Pennsylvania, 
Philadelphia.) 


previous presented experiments showing that 
splenectomized mice are definitely more resistant than intact mice 
experimental infection with the tubercle bacillus bovine type. 
have continued our work the hope arriving eventually 
some adequate explanation this increase the resistance the 
animal. Our more recent results seem have some measure 
general interest, although they have means served solve 
the problem under consideration. 


Before proceeding the immediate subject this paper, some comment 
the matter contained our first paper necessary. The increase resistance 
shown the splenectomized mice, while unmistakable, has proved 
relative character rather than absolute immunity. table III that paper 
four mice are marked still living October, 1913. regards animals and 
the table erroneous. These mice died 120 and 127 days, respectively, after 
inoculation. 

No. died 306 days, and No. 314 days. table our previous 
paper animals and are marked living.” These animals died 158 and 
164 days after inoculation. All these mice had large numbers tubercle bacilli 
their organs, and there reason doubt that they died the result 
this infection. Moreover, experiments which hardly necessary present 
detail have shown that mice inoculated more than six months after splenectomy 
the resistance has diminished again normal nearly so. 

these animals, when infected for some time with the tubercle bacillus, 
have usually found accessory perhaps, more properly, hyperplastic ac- 
cessory spleen, mm. diameter. have considered possible that this 
splenic tissue might responsible for the loss resistance occurring thus 
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spontaneously after some months. With this mind have reopened number 
uninoculated mice several months after splenectomy. these animals 
have been unable find gross evidence spienic tissue, and seems probable 
that these small organs only become evident when rendered hyperplastic the 
infection. What influence such subvisible splenic tissue may have the physio- 
logical condition the animal problematical. 

recent paper Murphy and Ellis? report experiments confirmation 
our observation increase resistance after splenectomy. Studying mainly 
the changes the lymphocytes the blood splenectomized and intact animals, 
with and without exposure the X-ray, Murphy and Ellis are led the belief 
that splenectomy increases resistance causing increase lymphocytes. 
have data bearing this interesting conclusion. 


For the purpose the present paper, therefore, use point 
departure the fact that mice after the removal the spleen 
develop the course several weeks well marked although tran- 
sient increase resistance infection with Bacillus 

The present series experiments were made find out whether 
the function the spleen could wholly partly replaced 
feeding fresh sheep and mouse spleen splenectomized mice in- 
fected with the tubercle bacillus. 

the present experiments the culture used, Bovine one 
those previously employed. The methods splenectomy and in- 
fection are those outlined, our previous paper. should 
stated that the usual food our mice mixture stale bread 
and oats soaked water. The animals have been kept museum 
jars allowing six eight inches floor space. more than six 
mice are kept one jar. The jars are plentifully supplied with 
fresh wood shavings. The animals are changed least three 
times week freshly scalded jars. hot weather when fresh 


Jas. B., and Ellis, M., Experiments the Lymphoid 
Tissue the Resistance Experimental Tuberculosis Mice, Jour. Exper. 
Med., 1914, xx, 307. 

The tables Murphy and Ellis show only the average duration life, and 
are not particularly convincing. Dr. Murphy has informed that some the 
splenectomized animals lived much longer tharf any the controls. will 
noted that all our tables certain animals are recorded which lived but few 
days. These seem occur without relation the nature the experiment. 
they are included they greatly disturb the averages except when the groups are 
very large. the absence any definite basis for excluding such animals from 
consideration, feel that best for the present discard the average and 
present the length life each individual. 
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meat has been fed the jars this change has been made daily. The 
following tables (experiments and II) present our more recent 
results. 
EXPERIMENT 


Intraperitoneal Infection. 


Group. Mice. Amount culture. Subsequent treatment. Days lived. 
Intact mg. Fed 20; 20; 
Splenectomized mg. None 40, 58, 
Splenectomized mg. Fed 34. 
Intact mg. Fed 20, 20, 28, 
Splenectomized mg. None 40, 40, 46, 48. 


this experiment the groups marked under “subsequent treatment” 
received sheep spleen daily. The fresh spleen cut small pieces was given 
them early the day before they had had other food and was left for several 
hours that the animals ate their The reaction the animals this 
method feeding will commented length later paragraphs. 


EXPERIMENT II. 


Intraperitoneal Infection. 


Mice. Amount Subsequent treatment. Days lived. 
Splenectomized mg. Fed fresh sheep muscle 37, 38, 43, 47, 50, 54, 79, 87. 


this experiment the group which was fed with muscle received all that they 
would eat each day before being offered other food. Those fed with sheep and 
mouse spleen received unmeasured amount, but much smaller one than that 
available experiment Before receiving other food each mouse these 
groups was placed separate jar and given bit spleen roughly equivalent 
one fourth the usual mouse spleen. The pieces did not exceed the bulk 
small pea. 


These experiments have produced additional evidence that splenec- 
tomy increases the resistance mice infection with the tubercle 
bacillus. The extreme prolongation life noted the experiments 
reported the previous paper has not occurred the present series, 
but the differences developed experiment between the time 
survival groups III and VII and their respective control groups 
and are none the less striking. 
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evident also from the results experiment comparing 
group with and group with VI, that the feeding fresh 
sheep spleen intact mice has influence the course their 
infection. Groups and VIII, the other hand, show that 
feeding spleen splenectomized mice leads the loss 
the resistance afforded the removal the spleen. Experi- 
ment done another time with another lot animals confirms 
this result and shows further that the feeding fresh muscle does 
not affect the consequence splenectomy. 

The feeding experiments were undertaken with the idea that the 
resistance could thus lowered would convincing evidence that 
the spleen was playing functional part relation the infection, 
and might concluded from these experiments that some func- 
tion affecting the progress the disease was removed with the 
spleen and restored with the feeding. There are, however, certain 
facts regard the feeding experiments which lead refrain, 
for the present least, from regarding the results decisive. 
These factors may discussed briefly under two heads. 

The gross anatomical features the disease the splenec- 
tomized mouse fed with spleen differ from those found the intact 
mouse. the intact mice which die less than thirty days one 
seldom encounters striking gross lesions the lungs. Occasionally 
there are definite gray nodules from one three millimeters 
diameter. there may visible changes there may 
minute scattered gray points. the mice which live longer than 
thirty days, the large nodules are found more frequently, although 
irregularly. There has seemed somewhat more exudation 
this type the splenectomized mice than the intact mice which 
have lived longest, but have been inclined attribute this the 
greater length life, and assume that the factors influencing ex- 
udation were not grossly changed splenectomy. The most regular 
occurrence large nodules the lung has, however, been those 
splenectomized animals which have been fed with spleen. The 
significance this not clear, and the observation recorded 
merely suggesting that feeding with spleen, while lowers re- 
sistance, does not restore entirely normal reaction. 

When normal intact mice are fed daily with fresh spleen, they 
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eat with apparent relish and maintain their condition perfectly. The 
intact mice which were fed with spleen after inoculation with 
tubercle bacilli also ate with relish long they could expected 
retain desire for food. 

The splenectomized mice when fed with spleen after inoculation 
took the first one two feedings freely. After this time was 
noted that they seemed not care for it, and when they did eat 
they were apt sick. The illness took very distinctive 
character. The animal would the corner the jar and sit 
huddled up, with rough fur. This usually passed off few hours. 
the following day, sometimes the following two days, they 
would refuse eat the spleen, although hungry for other food. 
After two three days they would again eat spleen, show evidence 
illness, and refuse again succeeding days. Several mice 
died the course few hours after eating spleen. Some small 
hemorrhages the serous membranes were noted these animals, 
but they were advanced with their infection the cause death 
was not clear. 

have fed spleen uninoculated, splenectomized mice. six 
mice fed, two died within few hours after eating spleen. These 
also showed hemorrhagic condition the serous membranes the 
peritoneal cavity. The remaining mice showed the signs illness 
with distaste for the food which has been described, but lived and 
remained good condition for upwards two months, when the 
feeding was stopped. indicates that there irregular, but 
more less severe reaction the feeding fresh spleen the case 
splenectomized mice. 

view the fact that uninfected splenectomized mice show 
some evidence poisoning when fed with fresh spleen, final 
opinion the reason for the loss resistance developed the 
experiments reported the above tables can hardly drawn 
present. may that true function the spleen controlling the 
reaction the tubercle bacillus removed splenectomy and re- 
stored feeding spleen. But not impossible that the shorten- 
ing life manifested the case the splenectomized, infected, 
spleen-fed animals due some additional poison not directly re- 
lated the factors influencing the increased resistance after splen- 
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ectomy. apparently the rule that the resistance normal 
animals infection with the tubercle bacillus lowered the con- 
tinued administration any poison that are far familiar with. 

the hope getting further light the reaction the splen- 


ectomized animal ingested spleen, performed experiment 
with dogs. 


Two dogs were splenectomized and allowed recover from the operation. 
They were kept for about two weeks mixed diet. Then with normal dog 
for comparison the feeding was begun. The normal dog was fed entirely for 
over one month with fresh sheep spleen. maintained his appetite and condi- 
tion perfectly. One the splenectomized dogs gave reaction spleen 
any time. was fed alternate periods several days with fresh chopped 
beef and with fresh ground sheep spleen. 

The second splenectomized dog was fed from May June with sheep 
spleen. the 3d, 4th, 5th, and 6th days this period, about twenty minutes 
after feeding, the animal had what appeared slight chill. lay down, 
the hair was roughened, and had general shivering tremor. The tempera- 
ture remained normal. The tremor passed off few minutes but the animal 
remained quiet and indifferent call for hour two. the seventh day the 
animal became quiet but did not have the tremor. the eighth day had 
slight tremor. 


From June June the dog was fed fresh ground beef. ate well 
and remained good condition. 

From June June was again fed sheep spleen. The first two days 
the period ate with apparent relish and showed reaction. the third 
day the period showed the same symptoms those described during the 
first period. the fourth day ate, but showed symptoms. the fifth 
day refused the food first, but finally ate and reacted previously. 
the sixth day again ate with apparent distaste, but completed the meal very 
soon. became very quiet and much depressed. For time seemed likely 
vomit. the following days the period refused eat first, but 
during the twenty-four hours consumed about half the quantity given. the 
end the period had grown thin and was definitely out condition. 

From June was again fed fresh beef with the addition boiled 
spleen, ate freely, and condition was rapidly regained. From June July 
was again fed sheep spleen alone, but showed reaction any time. ate 
freely and maintained good condition. 


While the result this experiment not entirely convincing, 
increases the evidence drawn from the experiments with mice the 


effect that fresh spleen somewhat toxic for splenectomized 
animals. 
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The resistance infection with the tubercle bacillus which can 
given mice the removal the spleen lost when fresh 
spleen, either mouse sheep, added the diet. The logical 
conclusion that splenic function its relation the specific in- 
fection restored feeding spleen cannot, however, drawn; 
because, the first place, the character the disease the splenec- 
tomized spleen-fed animals differs somewhat from that intact 
animals; and, secondly, because fresh spleen when fed splenecto- 
mized animals apparently gives rise acute intoxication. 

This intoxication occurs quite regularly mice. manifested 
the infected animals and those not inoculated. has been 
seen one two splenectomized dogs experimented upon. 
the present can hardly definitely characterized, but seems 
best marked out the specific anorexia associated with it. 
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CONCERNING SURVIVAL AND VIRULENCE THE 
MICROORGANISM CULTIVATED FROM 
POLIOMYELITIC TISSUES.* 


SIMON FLEXNER, M.D., HIDEYO NOGUCHI, M.D., 
HAROLD AMOSS, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 


PEATES 


previous described the cultural, morphological, and 
pathogenic properties the minute cultivated from 
the nervous organs human and experimental cases poliomye- 
litis. propose the present paper describe strain that 
microorganism which survived pathogenic state cultures for 
period thirteen months. 

The culture mentioned was obtained originally November 14, 
1912, from monkey which had succumbed inoculation the 
strain the poliomyelitic and which subcultures 
had proved pathogenic for monkeys the third, seventh, and twen- 
tieth Two tubes the culture the ascitic fluid- 
agar-kidney medium the second generation had been placed aside, 
one room temperature, the other the thermostat 37° C., 
where they remained unmolested until December 20, 1913; that is, 
for something more than thirteen months. They were now trans- 
planted into the solid medium, and from both sources growths 
the minute were obtained. Hence the cultures sur- 
vived period thirteen months under both conditions. Upon 
retesting for virulence six months later, that is, eighteen months 
after isolation, subcultures this strain proved pathogenic. 
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S., and Noguchi, H., Jour. Am. Med. Assn., 1913, 1x, 362; Berl. 
klin. Wehnschr., 1913, Jour. Exper. Med., 1913, xviii, 461. 


S., and Lewis, A., Jour. Am. Med. Assn., liii, 
and Noguchi, Jour. Exper. Med., loc. cit. 


= 
= 
he. 
“ 


MASS CULTURES FLUID MEDIUM. 


From the solid subcultures fluid cultures were prepared 
special method described. The multiplies even 
more readily fluid medium consisting fragment rabbit 
kidney and ascitic fluid overlaid with paraffin oil than the solid 
medium. has been previously explained, initial culture has 
never been secured the solid the growth 
ascitic fluid not abundant and hence not adapted the prepa- 
ration cultures mass. 

obviate this difficulty, well eliminate when desired the 
ascitic fluid, Noguchi employed the double tube method which 
devised secure fluid cultures this method the 
tube carrying the solid medium, consisting the kidney fragment, 
ascitic fluid, and agar, superimposed upon tube containing 
kidney fragment and ascitic fluid alone with bouillon, 
bring the lower end the agar medium contact with the surface 
the liquid means narrow connecting tube. Thus prepared, 
the minute microdrganism continues multiply the point 
contact the two media that the growth passes into the liquid 
from which settles the bottom the tube. 

This method yields richer growth than the ordinary ascitic fluid 
culture and also suitable for obtaining cultures nearly devoid 
ascitic fluid. But, the other hand, the minute 
begin quickly degenerate the medium when the bouillon pre- 
ganisms, but merely accumulation. 

this account necessary retain the ascitic fluid. And 
order secure more abundant growth still the method was modi- 
fied follows: Erlenmeyer Florence flasks approximately 
100 cubic centimeter capacity are charged first with the solid medium. 
The fragment kidney having been introduced into the flask, there 
placed upon about 0.5 cubic centimeter culture the 
after which fifteen cubic centimeters mixture 
equal parts ascitic fluid and per cent. nutrient agar 40° 


and Noguchi, Jour. Exper. Med., loc. cit. 
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are carefully poured over the kidney, covering with solid layer 
one centimeter deep. After congelation fifty cubic centimeters 
equal mixture sterile ascitic fluid and bouillon are introduced, 
and then quantity sterile paraffin oil sufficient yield layer 
about one centimeter height (figure 11). The incubation 
conducted 37° 

The multiplies throughout the solid medium and, 
reaching the surface, grows into and within the ascitic fluid bouillon. 
The large surface contact facilitates growth, that the expira- 
tion about three days the fluid has become highly turbid from 
the contained which have also begun form 
sediment the surface the agar medium. Viewed under the 
microscope the are aggregated into small groups 
chiefly, although short chains are also present, and degeneration 
whatever detectable this stage development (figure 1). 


ACTIVITY POLIOMYELITIC VIRUS. 


The object this communication record the fact that the 
microorganism isolated from poliomyelitic tissues may possess spe- 
cific pathogenic properties after having been cultivated artificially 
for period year more, and after almost indefinite de- 
gree dilution the original nervous tissues from which was 
derived. 

will recalled that the original cultures are prepared in- 
serting fragment the uncomminuted brain into the ascitic fluid- 
kidney medium contained deep test-tube. When growth takes 
place, approximately 0.2 cubic centimeter removed with 
sterile pipette and transferred second deep tube the medium 
which becomes diffused. The average content the deep 
tubes fifteen cubic centimeters, that the fluid transferred into 
the second tube undergoes seventy-five-fold dilution. From the 
second generation the cultures obtained successive fluid 
solid cultures are prepared similar transfer the medium. 

The culture with which this paper deals the second generation 
was the solid medium, and from this the third generation, also 
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solid medium, was prepared. From the third generation the 
combined solid and fluid cultures were prepared. Since the tubes 
carrying the third generation were the same capacity those 
the second, the dilution the materials carried over from the first 
generation was now approximately 1:5,625. The next, fourth 
generation was made the mixed medium that the inoculated cul- 
ture was retained the congealed agar-ascitic fluid, except 
might diffuse into the overlying ascitic fluid-bouillon. assume 
that the diffusion was uniform, which course was not, the dilu- 
tion brought about the seventy-five cubic centimeters combined 
solid and fluid media would now approximately From 
now each successive culture yields such rapidly diminishing 
content any material originally carried over soon approach 
the infinite. 

The minimal effective dose the poliomyelitic virus represented 
filtrates prepared from emulsions nervous organs 2.5 
per cent. strength about 0.001 cubic However, 
only occasional strains the virus are active this. early 
period after the adaptation the virus monkeys possessed 
this extreme degree virulence. the period which the cul- 
tures were prepared the activity the filtrate had diminished 
least 100 times. other words, the minimal effective dose had 


risen 0.1 0.2 cubic centimeter. Since the quantity 


brain tissue employed the cultivations about per cent. the 
volume fluid (one gram brain fifteen cubic centimeters 
ascitic fluid), the calculated potency the fluid, irrespective any 
increase the virus and assuming that all diffused into the 
surrounding medium, would have been 0.2 cubic centimeter, 
which the average quantity transferred the tubes composing 
the second generation cultures. 

This consideration affected the period survival the 
poliomyelitic virus 37° Incomplete observations only are 
directly available covering that point. Flexner and ob- 
served that Berkefeld filtrate mixed with rabbit serum and bouillon 
and inoculated 37° was active the expiration ten days, 


Lancet, 1912, ii, 1271; Science, 1912, xxxvi, 685. 
Flexner and Lewis, Jour. Am. Med. Assn., 1910, liv, 45. 
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and noted similar mixture still active after fifteen 
days. doubtful whether the limits have been reached 
the tests. 

the other hand, the limits have been reached another series 
tests which, themselves, have especial significance for us. 
Conceiving possible interaction symbiosis between nerve cells 
and the microbe poliomyelitis, cultivated normal 
monkey plasma vitro fragments the intervertebral ganglia 
paralyzed monkeys. Successive transplantations having been made, 
the survival and increase the virus were determined inocula- 
tion. one experiment the virus was still present the fourth 
passage the twenty-first day. second experiment was 
present the second passage the thirteenth day, but not later. 
the third and final experiment the first and second passages 
seven and thirteen days respectively were effective, while later pas- 
sages were devoid infective power. The inoculation the 
plasma alone which the fragments grew was ineffective. Leva- 
diti regards this failure explained the fact that the microbe 
multiplies only association with living cells tissue and not 
the surrounding fluid. The point these experiments that con- 
cerns here relates the period survival the virus 
effective state, the maximum being twenty-one days. 

This result supports the observation reported Flexner and 
namely, that when culture tubes, set with brain tissue, 
are tested for virulence early the second generation the 
ascitic fluid medium, which the twentieth day later after 
the original preparation, they are only exceptionally effective and 
then only when growth the minute has taken 
place. The conclusions are therefore: (a) only exceptional strains 
the culture are pathogenic for monkeys; (b) the virus diffusing 
into the fluid from the brain tissue soon deteriorates undergoes 
dilution beyond the effective dose. 

Levaditi, C., Presse méd., 1910, xviii, 44. 


Levaditi, Compt. rend. Soc. biol., 1913, 1179; 1913, 202. 
Flexner and Noguchi, Jour. Exper. Med., loc. cit. 
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EXPERIMENTAL, 


The fourth and subsequent generations the culture, used for 
inoculation purposes, were prepared the fluid medium the man- 
ner for obtaining the abundant mass growth the 
ism. The strain was kept pure and ready for transfer the fluid 
medium implantation from time time into the solid medium. 
The fluid is, course, far more subject contamination during 
manipulation than the solid culture; and contamination more 
readily detected the latter. 

The inoculation monkeys was performed not with single 
dose but with several doses the fluid culture. The reason was 
two-fold. studies had shown that only exceptional cultures 
the are capable infecting monkeys; and al- 
though the strain now available had the time 
original isolation been effective, the retention pathogenic 
power over the long period since its removal from the body was re- 
garded improbable. the other hand, Flexner and 
had observed that process immunization monkeys with sub- 
cutaneous injections the ordinary virus there sometimes super- 
vened not increased resistance but paralysis. successive inoc- 
ulation offered two possible and opposite sets (1) infection 
might induced, and (2) immunity might secured. the 
series experiments described immediately the former was 
accomplished. 

The culture the second generation which survived thirteen 
months was subcultured into solid medium until June eighteen 
months after its isolation. was the ninth generation. The 
culture was now transplanted the combined solid and fluid medium 
flasks and subcultured that medium until June 27, when was 
employed for the inoculation monkeys. this time had 
passed through more than twelve generations. 

Experiment rhesus. June 27. the fluid culture was 
injected intraspinally lumbar puncture. June 29. Lumbar puncture yielded 
turbid fluid containing red and white corpuscles and few small masses the 


injected staining indistinctly. growth was obtained cultures 
from the spinal fluid. July symptoms. the next generation 


Flexner and Lewis, Jour. Am. Med. Assn., 1910, liv, 1780; 1910, lv, 662. 
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fluid culture injected intraspinally. July Nosymptoms. fluid culture 
injected intraspinally. July 20. symptoms. new series fluid cultures 
had been prepared with mixture the stock solid cultures ranging from the 
fourth (made Jan. 15) the tenth (made July 1), and the fluid 
prepared c.c. were injected intraspinally. July 25. Legs spastic; animal ataxic. 
July 26. All four extremities paralyzed; animal prostrate; died the same day. 

Autopsy—The membranes about the spinal cord were edematous. The pial 
vessels the base the brain were congested. Section the spinal cord 
several levels showed gross lesions resembling those poliomyelitis. block 
brain tissue was employed for cultivation tests. Portions the spinal cord and 
medulla were put aside per cent. sterile glycerin. 

Histology.—Sections from the spinal cord, medulla, and intervertebral ganglia 
were studied. The lesions are those severe poliomyelitis. The meningeal 
and vascular infiltrations are pronounced (figures and 3); the anterior gray 
matter the spinal cord shows extensive necrosis and neurophagocytosis 
nerve cells (figure the medulla the seat focal infiltration the vessels 
and nervous tissue (figure 5); the intervertebral ganglia exhibit nodular and 
diffuse cellular infiltration and necrosis nerve cells. The accumulations the 
interstitial tissue consist chiefly mononuclear cells, while the necrotic nerve 
cells are invaded polymorphonuclear neurophages (figures and 7). part 
the ganglia show extensive diffuse necrosis nerve cells and cellular in- 
filtrations. 

Experiment rhesus. The cultures inoculated were obtained from 
the same source the preceding. June 27. the fluid culture injected 
into the peritoneal cavity. July symptoms. the culture injected 
into the peritoneal cavity. July 20. symptoms. the mixed culture 
injected into the peritoneal cavity. July 30. symptoms. the cul- 
ture employed July injected into the peritoneal cavity. Aug. Animal 
moves about slowly. Aug. Prostrate. Aug. Dead. 

Autopsy—The organs generally and the peritoneal cavity appeared normal. 
The spinal cord showed several levels lesions resembling those poliomyelitis. 
block brain tissue was removed for cultivation tests. Portions the spinal 
cord and medulla were put aside per cent. glycerin. 

from the spinal cord, medulla, and intervertebral ganglia 
were studied. All show typical poliomyelitic lesions. The meningeal infiltration 
less than experiment The perivascular infiltrations the medulla are 
especially pronounced (figure 8), and the sheaths the larger vascular branches 
are edematous, 

Experiment When the first monkey this series responded 
July with symptoms poliomyelitis, control inoculation was decided 
upon, This was carried out July the same time that the last injection 
was given experimental monkey and with the culture employed for that 
inoculation. the fluid were injected intraspinally into Macacus rhesus. 
symptoms developed. 

Experiment 4.—Two additional tests were made with the glycerinated speci- 
mens put aside from experiments and Emulsions the spinal cord and 
medulla preserved glycerin were injected intracerebrally into two Macacus 
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rhesus monkeys. The emulsion from monkey was inoculated Aug. 
symptoms appeared Aug. progressed, and the animal was etherized 
Aug. 24. The lesions the spinal cord, medulla, and intervertebral ganglia were 
typical poliomyelitis. The emulsion from monkey was inoculated Sept. 
symptoms appeared Sept. 24, progressed, and the animal was etherized 
Sept. 26. The lesions the nervous tissues are, this instance, typical 
also. Some the intervertebral ganglia show especially severe lesions which, 
besides diffuse infiltration, the nerve cells wide areas are hyaline and de- 
generated and the small periganglionic cells proliferated (figures and 


The symptoms, lesions, and infectiousness the glycerinated tis- 
sues, represented data given, are further indicative the 
power possessed the cultures set monkeys experimental 
poliomyelitis. 

Moreover, the inoculated were recovered the 
cultures prepared with the brain tissue monkeys and 
recovery was accomplished not readily but with difficulty, just 
the case the brain tissue from human subjects from monkeys 
infected with the ordinary virus. This point significant; for 
appears that the acquisition parasitic properties the micro- 
organism unfits for ready multiplication artificial culture media. 


DISCUSSION. 


The data presented the foregoing pages are believed bear 
essentially the question the etiological relationship epidemic 
poliomyelitis the minute cultivated from poliomye- 
litic tissues. 

Since the publication our first full paper this 
several members the staff the Institute have made attempts 
isolate from nervous tissues and with degree success which 
attended the previous efforts. other words, the cultivation was 
accomplished some, but not all instances, and success deter- 
mined various circumstances; the sample ascitic fluid, the 
degree anaerobiosis, the original sterility the rabbit kidney, 
well some other factor factors present unknown and 
uncontrollable. this last circumstance that makes the result un- 
certain; but one, fortunately, which experience tends elim- 
inate. Practice the work cultivation leads greater assur- 
ance success; and hence those who undertake the cultivation 
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should use many samples ascitic fluid, employ different means 
obtaining anaerobic conditions, and should not easily discouraged 
failure. view the difficulties mentioned, the fact should 
emphasized that while this general method for the cultivation 
refractory devised Noguchi has been em- 
ployed extensively the Institute, instance has 
ganism resembling that isolated from poliomyelitic tissues been ob- 
tained from any other source than that described. 

significant and illuminating this connection find that 
when poliomyelitis has been incited monkeys means cultures, 
the recovery the made with difficulty. This 
fact suggests the conclusion that the reacquisition parasitic prop- 
erties the microorganism contained cultures unfits for ready 
multiplication artificial medium, which is, however, well suited 
the growth the same undergoing saprophytic 
development. 

Perhaps this peculiarity behavior may account for the wide 
fluctuation pathogenic action shown different cultures 
the microorganism, since exceptional strains only are effect- 
ive. Pathogenic power does not depend wholly the culture gen- 
eration and thus distance from the parent stem. non-virulent 
culture already ineffective the second generation, from which 
fact the side conclusion can drawn that activity not, probably, 
dependent mechanical admixture invisible virus derived 
from the brain tissue employed the cultivation. 

The experiments reported this paper not only confirm the ear- 
lier successful results, but extend them way strengthen the 
evidence favor the relationship the minute micro- 
organism epidemic poliomyelitis. experiment now de- 
scribed adds support from another side. 

had been established that the only certain way which immuni- 
zation poliomyelitis may experimentally secured monkeys 
passing them through attack the disease. 
the poliomyelitic virus which are ineffective afford protection 
subsequent effective inoculation. carrying forward with great 
care successive injections virus, immunity may established 
some, but not all instances. But the successive injections may 


Se 


unexpectedly and for unknown reasons suddenly produce paralysis 
just when immunity might have been 

And the same series events have been observed with the cul- 
tivated Successive injections culture wholly 
devoid virulence yield neither infection nor immunity, and the 
monkeys treated possess neutralizing principles the blood 
for the virus, and develop paralysis promptly after inoculation 
active sample. The following experiment illustrates this point. 

Experiment rhesus. Successive subcutaneous injections fluid 
cultures contained the liquid portion Noguchi’s double tubes were given 
over period several months. The condition the animal remained good 
throughout the treatment. Apr. 23. Withdrew blood order obtain serum 
for neutralization test with ordinary virus. c.c. the serum failed 
neutralize either 0.1 0.3 c.c. the usual filtrate. June 12. Injected 0.2 
filtrate the ordinary virus intracerebrally. June 22. Excitable; ataxic; 
tremor. June 24. Arms paralyzed, legs weak. June 25. Dead. 


Microscopical examination the central nervous organs showed typical 
lesions experimental poliomyelitis, 


contradistinction the results this experiment, which shows 
the lack immunizing power inert cultures the minute micro- 
organism, are experiments and which establish the im- 
portant fact that culture may ineffective the first, and effective 
subsequent injection, although the material employed for the 
final injection may prove inactive fresh monkey. The deduc- 
tion from the experiments seems that the course suc- 
cessive inoculation, under certain circumstances, the resistance 
the monkeys gradually suppressed, and that this undermining 
takes place more quickly when the cultures are introduced into the 
cerebrospinal membranes than when injected into the peritoneal 
cavity. 

SUMMARY. 

The minute cultivated from poliomyelitic tissues 
survives and maintains its pathogenicity cultures for more than 
one year. 

Upon inoculation into monkeys poliomyelitis may fail appear 
upon the first injection and yet follow from the effects successive 
injections the culture. 


Flexner and Lewis, Jour. Am. Med. Assn., 1910, liv, 1780; 1910, lv, 662; 
Jour. Exper. Med., 1910, xii, 227. Flexner, Jour. Am. Med. Assn., 1910, lv, 1105. 
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Inoculations cultures into monkeys which fail produce pa- 
ralysis may fail also induce resistance immunity. this re- 
spect the action the cultures resembles that the virus con- 
tained infected nervous tissues. 

The lesions occurring the spinal cord, medulla, and interverte- 
bral ganglia the monkeys which respond the several inocula- 
tions the cultures are identical with those present the nervous 
organs the animals responding injection the ordinary virus. 

Glycerinated nervous tissues derived from the monkeys respond- 
ing several injections the cultures transmit experimental polio- 
myelitis monkeys upon inoculation. 

The microorganism inoculated may recovered cultures from 
the monkeys which develop poliomyelitis; but cultivation from the 
brain tissue attended with the usual difficulties surrounding the 
obtaining the initial growth. 

adapted with difficulty saprophytic conditions multiplication, 
but once adapted growth readily takes place upon suitable media. 
When, however, result inoculation into monkeys, the para- 
sitic propensities the microorganism are restored, again dis- 
plays the marked fastidiousness artificial conditions multiplica- 
tion present the original isolation. 

The experiments reported this paper afford additional strong 
evidence support the view already expressed, that this micro- 
organism bears etiological relationship epidemic poliomyelitis 
the human subject and experimental poliomyelitis the monkey. 


EXPLANATION PLATES. 


PLATE 


Fic. Sediment showing the minute after three days’ 
growth mixed ascitic fluid and bouillon flask employed for mass cultiva- 
tion. Giemsa stain. 1,000. 

Fic. cord showing meningeal cellular infiltration extending into 
the anterior median fissure. Experiment 


PLATE 13. 


Fic. Spinal cord showing perivascular cellular infiltration the meninges 
and white matter. Experiment 85. 
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Fic. horn spinal cord showing necrosis and neurophagocytosis 
ganglion cells. Experiment 170. 


PLATE 14. 
Fic. Medulla oblongata showing focal cellular invasion the gray 
matter and perivascular cellular infiltration. Experiment 


Fic. Intervertebral ganglion. Interstitial cellular infiltration. Experi- 
ment 


PLATE I5. 
Fic. Intervertebral ganglion. Two necrotic ganglion cells invaded with 
neurophagocytes. Experiment 200. 


Fic. Medulla oblongata. cellular infiltration floor 
fourth ventricle. Experiment 106. 


PLATE 16. 

Fic. Intervertebral ganglion. Diffuse cellular invasion interstitial 
tissue and necrotic ganglion cells. Experiment 150. 

Fic. 10. Same figure showing several ganglion cells which the peri- 
ganglionic cells have proliferated and neurophagocytes have invaded degenerated 
cells. 250. 

PLATE 17. 


Fic. Mass culture. uninoculated control flask; inoculated flask; 


layer paraffin oil; layer ascitic fluid-bouillon; layer ascitic fluid 
and agar containing fragment rabbit kidney. 


ia 
f 
3 | 
| 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. PLATE 12. 


(Flexner, Noguchi, and Amoss: Survival and Virulence of Poliomyelitic Microérganism.) 


ig 


| 
5 
3 
: 
, 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. PLATE 13. 


i? 
4 


(Flexner, Noguchi, and Amoss: Survival and Virulence of Poliomyelitic Microédrganism.) 


x @ 9) 


> 
4 
. 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. PLATE 14. 


4 


ag 


AS; 


(Flexner, Noguchi, and Amoss: Survival and Virulence Poliomyelitic Microérganism.) 


wf ep ¢ ‘ if 
on... 


a 
q 
' 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. 


4 


» 


4 


Microorganism.) 


nce of Poliomyelitic 


(Flexner, Noguchi, and Amoss: Survival and Virule 


= 


| 
| 
| 
f 

| 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. PLATE 16. 


J 


* 


(Flexner, Noguchi, and Amoss: Survival and Virulence of Poliomyelitic Microérganism.) 


a 


' 
— 


THE JOURNAL EXPERIMENTAL MEDICINE VOL. PLATE 17. 


(Flexner, Noguchi, and Amoss: Survival and Virulence of Poliomyelitic Microérganism.) 


rag 
7 
\ 
7; 
3 
i C 
a 


3 
5 
B 
: 
if 
: 
€ 
> 


